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PSYCHIC RESEARCH IN THE ANIMAL FIELD: DER 
KLUGE HANS AND THE ELBERFELD HORSES 


By Epmunp C. SANForRD 


The story which I have to tell has to do in the first in- 
stance with the mental powers and behavior of horses, but 
in the end throws an interesting cross light on the mental 
and bodily behavior of man, and promises in its further 
development to illuminate some of the darkest corners of 
human psychology. 

Ten or twelve years ago there appeared in a couple of 
German papers, one military and one civilian, a small ad- 
vertisement offering for sale a seven-year-old stallion who 
could distinguish ten colors and knew the four rules of arith- 
metic. Practically nothing came of it; the advertisement 
was lost in the flood of general advertising. Again after an 
interval of more than a year there appeared in the same 
way a still smaller advertisement inviting readers of the 
papers to visit, free, certain experiments then in progress for 
determining the mental powers of horses. This time the 
arrow found a mark. The advertisement, by good luck, fell 
under the eyes of a retired Brigadier General of the German 
army, Zobel by name, an acknowledged expert in matters 
pertaining to horses. General Zobel visited the address given, 
saw what the horse could do, and in course of time published 
in the supplement of one of the Berlin daily papers an ac- 
count of what he had seen, thus bringing der kluge Hans 
and his master for the first time to public notice. The 
general’s name and fame caught public attention and sent 
others to see the wonderful horse for themselves and they 
in turn interested still others, until the thing became a 
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veritable midsummer sensation. Discussion followed in the 
newspapers of Berlin and other German cities and echoes of 
it penetrated into Italy and America. 

There were not a few skeptics, of course, who thought 
the thing was a fraud, that the horse was merely manipu- 
lated in some clever way by his master. But there were 
circumstances which spoke against this. It was hard to 
find any reason for the fraud and though some men like to 
gull their neighbors, they do not do it for long together 
without some purpose in doing it, and here a motive seemed 
lacking. There was no money feature connected with the 
exhibitions and no attempt of the master to exploit himself 
or the horse. He refused altogether to exhibit upon the 
vaudeville stage. And still more to the point—the horse 
solved problems for others beside his master, some of them 
men whose good faith could not be called in question. And 
finally a group of well-known gentlemen, including army offi- 
cers, experts in horse matters and animal training, teachers, 
men of affairs and scientists, who had gathered as a volun- 
tary investigating committee, studied the performances care- 
fully and reported unanimously that they had been unable 
to discover anything whatever in the nature of fraud, that 
no intentional signals were used, and that so far as they had 
been able to discover there were not even any unintentional 
signals of any known sort. This last the general public took 
to be equivalent to an assertion of the committee’s belief 
that the horse actually did on his own account the things 
that he was reported to do. This of course served only to 
whet public interest still further. Conjectural explanations 
were many but nothing like a final solution appeared, until 
a small group of experts took the matter in hand, and after 
a couple of months brought forward an explanation which 
was generally accepted as the final verdict of science and 
brought discussion ‘to an end. 

This is the outline of the first chapter of our story; let 
us come to the details of it. Let us imagine that we have 
obtained an invitation to one of the exhibitions, for they are 
semi-private, and are to see the thing for ourselves like the 
other Berliners. We take our way to the northern portion 
of the city and reach finally, in a rather poor district, a 
paved court, none too clean, surrounded by high tenement 
houses. In this court often before very distinguished com- 
pany—besides uninvited guests in the tenement house win- 
dows and boys on the roofs and fences—the remarkable 
things take place. 
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The horse is a black stallion of Orloff trotting stock about 
eight years old and his master is Herr von Osten, a retired 
Prussian schoolmaster, now past sixty years of age, and 
dressed usually in a long, seedy overcoat, or “duster,” and 
slouch hat. There are no restrictions as to the place we 
may occupy. We may come as near as we choose and look 
on from any side. The horse is entirely free and is man- 
aged wholly by means of the voice with frequent rewards 
in the way of bread and carrots, for which he is eager, as 
he gets little exercise and is therefore on short rations. He 
is spoken to in German, but without special emphasis. If he 
understands a question, he signifies it, we are told, by nod- 
ding his head; if he does not understand, he moves his head 
from side to side. By head movements alsw he indicates 
directions: up, down, right, left. We are warned that he will 
not reply to questions addressed to him in French or Latin 
and that he does not understand all German words, though 
he appears to comprehend a great variety of questions, or at 
any rate answers correctly, and his vocabulary seems to in- 
crease daily. 

His powers of communication are, however, decidedly lim- 
ited; he moves his head, he can go here and there and do 
this or that, and finally he can indicate numbers by tapping 
or pawing with his fore foot; and in this way the answers 
to questions are generally given, his master having devised 
special means by which answers can be indicated by appro- 
priate numbers. 

When the exhibition begins, this is the sort of thing that 
we witness. His master, standing near him, addresses him in 
a kindly way and shows him an arrow, a circle and a square 
drawn on three little blackboards hung up conveniently and 
asks him to pick out the arrow. Hans goes to the proper 
board. In the same way he tells which is the square and 
which the circle. Herr von Osten then asks, “How many 
corners has a circle?” to which Hans very properly replies 
by moving his head from side to side; there are no corners. 
Next several gentlemen are placed in a row and Hans indi- 
cates correctly, by tapping off the proper place number, which 
is the tallest, which the stoutest, which are officers, which 
have swords, which has his arm in a sling. 

These tests, which can be made in very great variety, seem 
to show that Hans can understand what is said to him; but 
the test with the row of gentlemen has really involved more 
than the mere comprehension of words; the horse has counted, 
and counting, if carried, say, beyond three, involves some- 
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thing like abstract thought. He will, moreover, count any- 
thing you like, or tap off any reasonable numper, and seems 
to show intelligence in it too; for he executes small numbers 
slowly and large numbers quickly, raising his foot but little 
at first as though he had a long lot of tapping to do and 
wished to get through the unessential parts as quickly as 
possible. After giving the last tap he brings his foot back 
to its original position or sometimes finishes with a smart 
stamp with his left foot. For zero he moves his head from 
side to side. 

Counting is an abstract process, to be sure, but a simple one, 
and his master goes on to ask other questions: How much is 
4 times 4? Hans replies with the required 16 taps. How 
much is 4 and 4? Hans gives the necessary 8. In the 
same way he gives the answers to problems in division and 
subtraction. He is asked, for example, By what numbers is 
28 divisible? And we get in series 2, 4, 7, 14, and 28 taps. 
Fractions are no bugbear to him. He will change common 
fractions into decimals or vice versa or work with either. 
“ How much is 2/5 and 1/2?” his master asks, and Hans taps 
off 9 for the numerator and 10 for the denominator: 9/10. 
He usually works with numbers below 100, and when he 
deals with larger numbers, as is sometimes required, he is 
said to handle them by analogy with what he knows of the 
lower ones, showing in this way, if the statement is true, 
a very good grasp of the abstract plan of the number system. 

When, as sometimes happens, he has given a wrong an- 
swer, it is usually only necessary to ask him “ By how many 
have you miscounted?” to receive the appropriate correc- 
tion. Sometimes, however, he seems cranky and having 
given a wrong answer will stick to it, and sometimes he seems 
only to want to joke with his questioner. 

Now his master turns to reading and spelling. Certain 
words are written on the little blackboards—common words 
or the surnames of persons present,—and Hans will, when one 
or another is pronounced, indicate the serial number of the 
board on which it is written, or, if required, go to it and 
touch it with his nose. In a similar way when asked for 
the color of certain bits of colored cloth, he indicates the 
number of the board bearing the name of the color or goes 
to and touches the bit of cloth having the color named. He 
will even match colors on occasion or correct a false indi- 
cation when his attention is called to it. 

He spells by means of a chart on which the letters are 
written in tabular form so that each can be indicated by 


| | 
| 
| 


PSYCHIC RESEARCH IN THE ANIMAL FIELD 5 


the numbers of its row and column. Thus in reply to the 
question: ‘‘ What has the lady in her hand?” he taps off 
the series 5-2, 3-2, 4-6, 3-7, which being interpreted spells 
Schirm, the German for sunshade, sch being treated in the 
tables as a single letter. He seems to remember well what 
he has spelled out in this way and will also spell out the 
surname of persons who have been introduced to him. 

Now the master shows him a watch and asks him what 
time it is, and being told follows with questions like these: 
“ Between what figures will the small hand be when the time 
is five minutes after half past seven?” or “ Over how many 
minutes must the large hand move to get to the position of 
a quarter of the hour, when it starts at 7 minutes after a 
quarter past the hour?” to all of which he gets correct replies. 
But in other respects also Hans seems at times to show keen 
powers of observation. When asked, for example, how many 
fingers a certain gentleman of the company had on his right 
hand, he promptly and to the surprise of the spectators an- 
swered four, which examination proved to be correct. 

And now his master tries him at indicating the value of 
German coins, the signification of playing cards, at giving 
the days of the week and of the month, the emperor’s birth- 
day, and the identification of people by their photographs, in 
all of which he succeeds as usual. 

There is not much evidence that horses are very dis- 
criminating musically—rather the reverse—but Herr von 
Osten now proceeds to demonstrate in Hans a definite knowl- 
edge of music. He blows a tone upon a sort of small keyed 
harmonica, and asks Hans to tell the tone given, which he 
does by means of a chart upon which the notes are written 
in such a way that each can be indicated by a number. The 
master sounds a discord (c, d and e) and asks, “ Does that 
sound well?” Hans moves his head from side to side. 
“What tone must be left out?” Hans stamps twice for the 
d. He answers correctly also when asked to name the vari- 
ous musical intervals used, both when the tones are sounded 
simultaneously and in succession—feats which in a human 
subject would deserve the name of fair musical talent. 

Such things as these were not done of course in continu- 
ous succession, perhaps not all on the same day, and always 
with short intervals of rest and frequent rewards of some- 
thing to eat. Nor did the exhibitions always run smoothly ; 
Hans sometimes made mistakes and was sometimes intract- 
able even in the hands of von Osten. Nevertheless in course 
of time things like those I have mentioned were done again 
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and again in the presence of all sorts of spectators and with 
all sorts of variations. They were done, in the absence of 
von Osten, by several gentlemen who were interested in the 
case, though usually with a greater proportion of failures, 
which might easily be due, it seemed, to unwillingness on the 
part of the horse or to unfamiliarity with a strange ques- 
tioner. 

One very remarkable, though perfectly authentic instance 
of Hans’ performances, I have reserved until the last as it 
seems to show even super-normal powers. The following 
experiment was made a number of times by Herr Schillings, 
an African explorer and a man of scientific standing, who 
very early succeeded in getting Hans to answer questions for 
him. While Hans was standing in his stall, Schillings would 
approach, accompanied by a second gentleman. At Schillings’ 
request this gentleman would think intently of a number 
between 1 and 20, but would keep it absolutely to himself. 
Schillings would ask Hans to tap off the number thought 
of, and then would withdraw as completely as possible from 
the performance, in other words, would remain absolutely 
passive. On several occasions Hans played his part as mind- 
reader with astounding success, tapping off correctly the num- 
ber unspoken and absolutely unknown to Schillings. 

Here then is our problem—how to account for the doings 
of a horse that to all appearances understands spoken and 
written words, knows the calendar and can tell time, can do 
the abstract thinking required in arithmetical work, and has 
besides very fair powers in music and other directions—who 
on prima facie evidence lacks, as his admirers asserted, noth- 
ing at all of the human mental outfit except the power of 
speech. 

Of solutions there was no lack. The explanation of his 
master, von Osten, was the very simple one that the horse 
had the mental powers which he seemed to have—that he 
was able to think and as a matter of fact did think for 
himself and answer the questions put to him. Hans had a 
mind, and his mind was capable of education. What Hans 
was now able to do was the natural result of a thorough and 
careful course of education. He (von Osten) had spent four 
years of hard and patient labor in educating him, making 
use of the same pedagogical principles that are in use in the 
teaching of children. Compare an untaught child with a 
well-taught one. The difference is great, and such a differ- 
ence is as natural in horses as in children. The result seems 
astonishing no doubt, but it is so simply because nobody has 
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ever before made a serious attempt to educate a_ horse. 
Nothing, in fact, irritated the old man more than the sug- 
gestion that Hans was merely a trained animal and not an 
educated one. 

In this opinion, at least as far as that the horse could think 
for himself, von Osten was by no means alone and many of 
his supporters were men of distinction. Even Prof. Stumpf 
of the University of Berlin (who served on the original in- 
vestigating committee and under whose general oversight the 
later studies were made) was beginning, as he himself con- 
fesses, to set his mental house in order for the acceptance of 
the notion that horses have some educable rudiments of ab- 
stract thought—provided such a conception should at last 
seem unavoidable. 

Over against this explanation, however, stood the diamet- 
rically opposite view—the opinion that Hans was trained, and 
not educated; that his so-called answers were merely pieces 
of behavior associated by repetition with certain objective con- 
ditions which served as cues. When he names the tones 
which have been sounded in a given chord, he sees the keys 
of the instrument move and moves his foot as many times 
as he has been trained to move it under such circumstances, 
knowing nothing either of music or of counting. His 
numerical feats are not calculations at all, but mere matters 
of memory, suiting a certain amount of tapping to a certain 
sound of words. This demands an enormous power of gen- 
eral retention; but then, it was argued, the memory of the 
horse species has lain fallow for untold ages and we may 
therefore expect a phenomenal crop from it. This view of 
course depends upon strange notions of the nature of mind 
and is a great strain upon one’s credulity, but nevertheless 
it had its supporters. 

A third party would hear of neither a thinking horse nor 
of one with a long memory—though they were ready enough 
to accept the idea of signals of some sort. Indeed they rested 
their whole explanation on signals. Most of those who held 
this view had no hesitation in declaring that the horse was 
controlled by intentional signs given by von Osten—that the 
whole affair was nothing but clever circus trickery. And 
in this group were found in strange alliance those to wham 
for ulterior reasons (philosophical, theological or otherwise) 
the idea of a thinking horse was repugnant, those who re- 
jected a thinking horse simply as opposed to common sense ; 
and, lastly, most of the professional horse trainers who felt 
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that they knew the business of trained animals so perfectly 
that they might save themselves the trouble of examining 
this case, or who were satisfied with a very cursory ex- 
amination, 

A few of those who held to the explanation by signals 
thought the signals might possibly be unintentional, but they 
did not venture to specify in detail what sort of signals were 
in use, nor, with one possible exception, offer proof for their 
hypotheses.t Those, on the contrary, who believed in inten- 
tional signaling suggested a great many; the signals were 
somehow given by means of Herr von Osten’s old gray slouch 
hat or by his long overcoat or with his hand as he reached 
into his pocket for carrots. Others said the signs were eye 
movements or movements of the hands or were given by 
changed intonation in asking the questions. But many ob- 
servers, including the only experienced horse-expert who 
studied the case carefully, had failed to find that signs were 
used. 

And then finally there were those who could not satisfy 
themselves at all with explanations of the ordinary sort and 
sought out extraordinary ones. Some suggested that the 
horse responded to radiant heat streaming out from the ques- 
tioner, or to electric apparatus in the ground acting on the 
horse’s hoof, or m rays emanating perhaps from the brain of 
Herr von Osten, or waves of thought proceeding from the 
same source, or magnetic or hypnotic influences, or last of all 
—and capable of everything—-“ suggestion! ” 

Taking all these together and neglecting small differences 
we have four rival hypotheses: 1) The horse can think for 
himself ; 2) The horse cannot think, but has a phenomenal 
memory and is a marvel of training; 3) The horse has no 
need to think or even to remember, but is manipulated wholly 
by signals given by his master at the moment; and 4) The 
affair is occult and to be explained by the operation of powers 
and influences of which we know less than we do of horses. 

With such a wealth of hypotheses it is clear that what is 
most needed is a careful sifting out of the facts, and, if 
possible, the testing of what seem to be facts by experiments 
carefully planned and methodically carried out. And these 
were fortunately forthcoming. A thorough study of the horse 
and his performances was begun by Prof. Stumpf and his 
assistants—one of whom, Dr. Oskar Pfungst, gave himself 


1 The exception was Cav. Emilio Rendich, an Italian painter resi- 
dent in Berlin, whose part in this matter will be referred to later. 
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especially to it, and was able before long to let in a flood of 
light upon the mystery.” 

Scientific method is simply systemized common sense, and 
the first step was, naturally, to find out whether or not the 
horse could think for himself by testing him with questions 
the answers to which were unknown to the questioner, or any 
one else present. Some tests of this sort had been made by 
the original investigating committee and had seemed to show 
that under such circumstances Hans could answer correctly. 
It was therefore essential first of all to put this matter to 
the most rigid possible test and confirm or demolish these 
supposed results. And to do so it was necessary to arrange 
the tests in such a way that the chances of purely accidental 
successes and failures might be estimated, in other words, to 
alternate questions in which the answer was known to the 
questioner with those in which it was not known. If under 
these circumstances Hans succeeded as well in one case as 
in the other, his ability to think would be fairly demonstrated ; 
if he failed in the trials in which the questioner did not know 
the answers and succeeded in those in which the questioner 
did know the answers, his-dependence upon the questioner 
would be as fairly demonstrated, and the discovery of the 
nature of the dependence would be the next problem to be 
undertaken. 

Let us see what the results of such tests were like. The 
experiments were made in a tent set up in the courtyard where 
the exhibitions had taken place. A tent was used in order to 
shut out distractions and cut off the possibility of long dis- 
tance signals. The questioner was usually, though not always, 
Dr. Pfungst, who had worked enough with Hans to have 
shown himself entirely competent. At times several persons 
were present, including Herr von Osten, but at other times 
also Dr. Pfungst worked alone. 

Let us see whether Hans can read numbers. A set of figures 
printed or written on cards is shown to him one by one in 
such a way that he alone can see them, and he is directed 
to tap off the number shown. In approximately alternate cases 
the conditions are the same except that the number is known 
to those present, including the questioner. This test was tried 
in all gt times (49 when the number was unknown to the 


2 The first authentic account of Pfungst’s work was a brief report 
by Prof. Stumpf in December, 1904. Pfungst’s own complete account 
appeared in German in 1907 and in English translation in 1911. The 
present account of the Hans case was drawn chiefly from Pfungst’s 
original work. 


| 
| 
| 
| 


10 SANFORD 


questioner and 42 times when it was known). Hans was 
right 4 times in 49 when the number was unknown to the 
persons present; and he was wrong in only one case in 42 
when the number was known to them. His four successes 
—less than one in ten—can hardly go down as more than 
lucky hits. And we may add that the result was not essen- 
tially different when von Osten himself acted as questioner 
instead of Pfungst. Such results throw Hans’ ability to read 
figures on his own account into very serious doubt. 

Similar experiments with words, written on the little black- 
boards and hung up in a row, which Hans was to “ read” 
by tapping off the number of the board carrying the word 
called for, succeeded no better, though the words were such 
as Hans might be supposed to know, such words as Hans, 
stall, and the names of the colors. Out of 26 trials in 14 of 
which the words were known to the questioner and in 12 un- 
known, Hans never failed to tap off the right number in the 
first case and never succeeded in hitting the right number in 
the second case. His reading of words would seem to be of 
the same doubtful nature as his ability to read figures. 

Let us see how he does with arithmetic; perhaps he can 
reckon better than he can read. A number is whispered to 
him by Herr von Osten and a second by Dr. Pfungst; Hans 
is to give the sum. This was tried 62 times, 31 in each condi- 
tion as regards knowledge, or the lack of it, on the part of the 
questioner. When the questioner knew, Hans was right 29 
times; when he did not know, Hans was right 3 times—again 
in less than 10% of the trials. 

The story is the same when he was required to spell or to 
count: when the questioner knew, Hans was right; when the 
questioner did not know, Hans was all at sea. The case looks 
dubious for his ability to deal with numbers and for the 
assumption of powers of abstract thought based upon that 
ability. But let us try his memory and his stock of informa- 
tion. When asked to give the day of the week on which 
certain days of the month would fall when Sunday was the 
first, he failed in 10 trials out of 14, but succeeded in 4. This 
is a better record than any other so far, but even this we 
cannot allow to stand to his credit, for the answers to just 
these four questions were known to the hostler who was 
present during the experiments. Under similar careful ex- 
perimentation his musical knowledge—both his recognition of 
the pitch of tones and their relation to one another—melted 
away. If the questioner knew, Hans knew; if the questioner 
did not know, Hans did not know. 
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Taking the tests all together, the evidence seems unmis- 
takable. Hans does not think for himself, but has some way 
of drawing upon the information of his questioner or others 
in his presence. He clearly does not pass his examinations 
on the honor system. 

The less systematic tests of the original investigating com- 
mittee and those of others who at various times appeared to 
get different results, but with reference to whose care in ob- 
serving the proper precautions there is doubt, cannot be given 
weight in the face of the uniformly contrary results here at- 
tained. It is easier to believe that in those cases some essen- 
tial precaution was neglected than that any peculiarity in the 
procedure of Dr. Pfungst should have brought such regularly 
negative results as he and his colleagues found. 

Our first question then—whether Hans thinks for himself in 
a human way—may be answered in the negative with practical 
certainty: He does not. But in answering it in this way we 
have rendered the case, if anything, more mysterious than 
before. Hans is dependent in some way on the information 
possessed by his questioner, but: How? We are face to face 
with our second question. 

Does he get his information or his cue through some one 
of his five senses or in some less usual and perhaps occult 
way? Is it a matter of seeing, hearing, touching, tasting, 
smelling, or of thought transference? Naturally we try the 
senses first and begin to test him again when he is for the 
time prevented from using one or another of them; and, first 
of all, sight. Hans is therefore rigged out with large blinders 
which are so arranged as not to bother him at all in them- 
selves but effectually to cut off his vision backward. The 
questioner now gives Hans numbers to tap off—first standing 
back where he cannot be seen and then again asking for the 
same number while standing forward where he can be seen. 

I said the blinders were so arranged as not to bother the 
horse at all “in themselves,” but the experimental conditions 
as a whole evidently bothered him a good deal. He always 
tried hard to get sight of the questioner when the latter stood 
out of sight, backing up to do so, and when an attempt was 
made to tie him so as to prevent this, getting fractious and 
breaking his rope, though usually he made no objection to 
being tied. As a result of his efforts to get sight of the ques- 
tioner, it was not possible to be sure in all cases whether the 
test was made with or without sight of the questioner. In 
35 out of 102 trials he certainly did not see the questioner ; 
he certainly did see him in 56 cases ; and in 11 it was uncertain. 
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In the 35 cases without sight of the questioner Hans was suc- 
cessful but twice; in the 56 cases with sight of the questioner 
he was right 50 times; and in the 11 doubtful cases he was 
right again twice. The result is clear: when he saw, he suc- 
ceeded ; when he could not see, he failed. To get this result 
it was necessary, however, to look carefully to the size of the 
blinders and to their putting on. Experiments with less care 
in these respects gave a much larger proportion of successes. 

Incidental observations also seemed confirmatory of the im- 
portance of vision. The horse was more apt, so far as one 
could tell, to look at his questioner than at the persons or 
things he was supposed to be counting or at the words he 
was supposed to be reading; and he was apt to get uncertain 
in his answers if experiments were continued into the twi- 
light. 

From these experiments and observations it seemed clear 
to Dr. Pfungst that Hans got his information through his eyes ; 
but did he get it all that way; did he get any through hearing 
or his other senses? It seemed rather unlikely that he de- 
pended upon other senses than his eyes. As regards hearing 
it was discovered that he could answer correctly when the 
questioner made no sound whatever—merely thought the ques- 
tion and thought the answer; and further that the animal 
was not usually disturbed in his tapping by loud calls or com- 
mands provided they were unaccompanied by movements ; and, 
finally, it was noticed that he rarely or never cocked his ears 
in the direction of the questioner, a thing that horses are very 
prone to do when listening for any particular sound. 

At any rate no further tests of the senses were made by 
these investigators; and here, perhaps, in view of later de- 
velopments, lies a serious incompleteness in their work. It 
was very natural, however, that they should not follow sense 
tests further at this time; for at about this stage of the work 
Dr. Pfungst was fortunate enough to discover in the case of 
Herr von Osten himself certain very slight, almost impercep- 
tible movements of the head and body—movements often as 
small or smaller than one one-hundredth of an inch in extent, 
which seemed clearly to be the visible cues by which the horse 
was controlled. Later he traced such movements in others 
for whom Hans would answer questions, including himself, 
was able to point them out to other observers who could then 
see them without great difficulty, knowing what to look for, 
and finally to make them voluntarily and thus to draw from 
Hans any answer to any question, or no question at all. 
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When the questioner addressed a question to the horse he 
bent forward very slightly to see better the movement of the 
horse’s foot. This forward inclination served as a starting 
signal and Hans began to tap. When the required number 
was reached, if the questioner knew it, he involuntarily raised 
his head ever so little again (as one might do when the need 
for the closest attention was past) and this served as a signal 
for the tapping to cease. Then the trial being over the 
questioner usually stood erect again, though this larger move- 
ment did not serve at all as a signal, except in a negative 
way. In case it did not follow promptly on the slight raising 
of the head (the true signal for cessation) a single additional 
tap with the left foot followed, after which, if one still re- 
mained bent, tapping with the right foot would be resumed. 
One might stand before Hans and ply him with questions as 
long as one pleased, but never an answer was forthcoming as 
long as one stood perfectly still and erect. The tapping began 
on the forward bending of the questioner and the tapping ceased 
when the slight upward movement of the head was given, and 
did not stop without it, though it appeared later that other some- 
what similar movements of other members than the head might 
also serve. The rate of tapping was also found to vary with 
the amount of stooping on the part of the questioner. If the 
latter bent far forward Hans worked rapidly; if only a little, 
then more slowly; and there were many other confirmatory 
details. 

Usually, as it seemed, the horse was attentive to the ques- 
tioner alone, and stopped and started on signals from him 
only; but in the case of the days of the month he seems to 
have stopped at signals from the hostler, and the cases of ap- 
parent mind-reading above mentioned were undoubtedly of a 
similar sort. Herr Schillings started him tapping, the gentle- 
man whose mind was read unwittingly stopped him. There 
was nothing else necessary. 

Minute movements of a somewhat similar character are a 
common means of control in the management of trick horses. 
The point here is that the movements were extremely minute 
and that there seemed no reason to suppose they had been 
adopted consciously by those for whom the horse responded.* 


8It would appear that the honor of the first observation of these 
minute unconscious movements of von Osten and others does not 
belong to Pfungst, though there is no question that the full demon- 
stration of their importance is his. Cav. Emilio Rendich, already 
mentioned, after a period of belief in the independence of Hans’ 
performances was later thrown into doubt on account of their in- 
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I have gone into some detail with these cases in which Hans 
answered by tapping because they are the most interesting and 
were the most fully studied, but it will be recalled that he 
answered certain questions by head movements—assent and 
negation by nodding and moving the head from side to side, 
and the directions up, down, right and left by corresponding 
movements. These, like the tapping movements, proved to be 
given in response to minute but appropriate head movements 
on the part of the questioner. Other answers were given by 
going to specified objects, to the colored cloths or the little 
blackboards, for example, and fetching them or touching them 
with his nose. In this he was guided by the position of the 
questioner who usually faced toward and looked directly at 
the object in question. In experiments of this kind Hans was 
not uniformly successful at any time, even when helped out 
by word of mouth. When the questioner called out to him 
“Wrong,” or “Look out,” or repeated the color name, he 
would give up the thing he was about to take and take an- 
other, but not by any means always the right one; and in this 
way—by calling out—his answers could be quite variously 
manipulated. In a word there was nothing in the experiments 
on these matters to invalidate the results of the studies of the 
tapping, and we may sum the whole thing up by saying that 
they seemed to Dr. Pfungst and his colleagues to put it beyond 
question that all of the answers which Hans gave were merely 
sets of movements controlled by signals from his questioner. 

And so we have, as the result of these careful studies, a 
horse proved to be destitute of the human mental powers with 
which he had been credited, but demonstrated to be astonish- 
ingly responsive to almost imperceptible movements, and ready 
enough to make use of them and of the faculties of such a 
mind as he had for the sorts of results in which he as a horse 
was interested, namely, bread and carrots. 

It may help us to understand his cleverness in catching these 
movements to recall that movements as such are seen by our- 
selves with some ease even in the remote parts of the visual 
field where we can see little else; that the attention of animals 


creasingly extraordinary character and set out to find some other 
explanation. His search was rewarded by the discovery in von Osten 
and Schillings of slight movements which seemed to guide the horse 
in his tapping. Later Rendich trained his shepherd dog, Nora, to 
respond to similar movements and exhibited her to several members 
of the original Hans committee. His discovery antedates the work 
of Pfungst and his associates, and Pfungst is said to have seen the 
dog work, though it is not, of course, by any means certain that 
Rendich at the time explained his methods. 
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in general appears also to be caught very easily by movements ; 
that there seems some reason to believe that the eyes of horses 
are unusually well adapted anatomically for the perception of 
movements; that the detection of small movements of their 
enemies would be of the greatest advantage to horses in their 
wild state ; and that Hans himself had had a four years’ course 
in perceiving those of Herr von Osten. 

So much for the animal side of this remarkable case. The 
human side is no less important; how does that stand? Were 
the signals really unconscious in the case of Herr von Osten? 
Is it possible that he was absolutely ignorant of the move- 
ments by which for years he had been managing the horse? 
Or was he after all but an unusually clever trickster with a 
more than usual appetite for humbug. This last inference is 
one that is easy to draw and was drawn by many. What is 
the evidence pro and con? 

In his favor are, first, the strong impression of sincerity 
which he gave, and the absence of a motive, which we have 
already mentioned ; and, second, the judgment of the first in- 
vestigating committee which had this point especially before it 
and which exonerated him of-fraudulent intent. This by itself 
is not wholly convincing, perhaps, but it gathers force if we 
can show, on the one hand, that such movements may exist 
in full unconsciousness, in fact do so exist in the case of many 
people, and further that the course of training through which 
von Osten had put Hans was such as to offer opportunity for 
the cultivation of such movements and their unintentional 
growth into a system of signals such as was found to exist. 

On the first point we have experimental evidence from Dr. 
Pfungst. As a portion of his study of the case Pfungst re- 
peated in the psychological laboratory, as nearly as he could 
duplicate them, the experiments made with the horse in the 
court-yard. He himself took the role of Hans, tapping with 
his hand and watching for signals from the person who acted 
as questioner. He tried in this way some 25 people of different 
age, sex, and nationality, and he found but,two persons in 
all who did not make unconscious movements of some sort 
by which he could tell when he had reached the numbers of 
which they were thinking intently, and one at least of these 
stolid ones was also wholly unable to get answers from Hans. 
Pfungst could even tell in some cases how simple problems in 
addition had been formulated,—whether, for example, the 
questioner had thought of 5+5+2 or 2+5+5. And his 
mistakes, which were not infrequent at first, were of the very 
same character as those made by Hans. Similar unconscious 
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movements were observed when directions were thought of— 
up, down, right, and left—and when particular objects were 
designated after the manner of Hans’s row of colored cloths. 
It has been shown also by others (Lehmann and Hansen) that 
many persons in thinking of numbers whisper them uncon- 
sciously but in a way that can be heard at a distance by a 
proper adjustment of sound reflectors. 

Unconscious movements are in all probability extremely 
common—the normal and regular thing, in fact—especially 
under conditions of considerable concentration, when (from 
the very fact of concentration on something else) their uncon- 
sciousness is doubly guaranteed. There is therefore no reason 
for thinking it strange that von Osten should make uncon- 
scious movements or that he was a fraud because he did not 
admit it but was caught in the act by Pfungst and others who 
watched him. He simply did not know the movements ex- 
isted; and Pfungst here comes to his aid again with the 
observation that he himself found the movements easier to 
detect objectively in others than subjectively in himself, al- 
though he knew, of course, at the time that he was making 
such movements. 

That such unconscious movements once present could grow 
up into a habit on the part of the master and into a set of 
signals for the horse is not hard to understand when we think 
of the process of training through which the horse was put. 
The old man stooped over anxiously to see that the horse 
tapped as he should—indeed, in the earlier stages of the train- 
ing, the master with his hand assisted the horse in executing 
the proper number of taps—and then straightened up the least 
little bit, taking an attitude of a little less effort, when the 
required number had been reached. This sort of thing had 
gone on hour after hour and day after day for something 
like four years. There is room here and to spare for the form- 
ing of unconscious habits on one side and the perfecting of 
training on the other. 

After the publication in the end of 1904 of an abstract of 
Pfungst’s work with its annihilating assault on von Osten’s 
conception of Hans’ mentality the case seemed closed. The 
newspapers commented briefly on its outcome, and the general 
public turned to other matters, while the old man forbade 
further study of the horse by outsiders and doggedly took up 
again his patient teaching of him, working him out, as he 
believed, of the habit of responding to signals, into which the 
scientific experimenters had stupidly trained him. Thus ends 
the first chapter of the story. 
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The second chapter opens with the entrance of a new figure, 
Herr Karl Krall, a wealthy jeweler of Elberfeld. Krall had 
followed the Hans discussion in the newspapers and was one 
of the few who had remained unconvinced by the results of the 
Pfungst studies. About the middle of 1905 he visited von 
Osten and gradually prevailed upon the dour and crotchety 
old man to permit and even to co-operate in new experiments. 
These were continued at intervals up to 1908 and confirmed 
Krall’s belief that Pfungst was wrong and von Osten right— 
that the horse actually did his own thinking. Later Krall 
purchased other horses for experiments on his own account, 
especially two Arabian stallions whose attainments under his 
teaching soon far surpassed those of Hans at his best. And 
finally he published last year a handsomely illustrated volume 
summarizing his work both with Hans and his own horses 
and the inferences which were to be drawn from the results 
which he obtained, and thus reopened the whole controversy.* 

Let us see first what Krall got from his experiments with 
Hans. Early in his studies he undertook a repetition of the 
experiments made by Pfungst to determine whether the horse 
was able to answer questions when he could not see his ques- 
tioner—the experiment with the blinders. Pfungst appears 
to have worked with large blinders on both sides of the horse’s 
head. Krall worked with a single large blinder on one side, 
arranged, as he assures us, so as to correspond “ in every way 
to the most rigid critical requirements.” In the picture given 
to illustrate this outfit the blinder is re-enforced by a large 
piece of opaque cloth which covers the rear half of the blinder 
and most of the horse’s head. In the execution of the experi- 
ments the questioner and his assistants stood at a distance of 
six or eight meters from the horse on the blindered side, to 
meet Pfungst’s finding that at distances less than four and 
a half meters the control of the questioner when visible was 
still in some degree effective. 

After a time sufficient, as Krall thought, to accustom the 
horse to the unfamiliar and bothersome limiting of his usual 
field of vision and to the new conditions Hans worked as 
well with the blinder on and with the questioner at a distance 
as in the more usual conditions. It was the same when 
experiments were made with the blinders on and at night. 
The horse apparently could work without sight of questioner.® 


‘4 Krall: Denkende Tiere, Leipzig, 1912, pp. 532. 

5 We must note, however, that in Pfungst’s experiments the al- 
leged unfamiliarity of the blinders did not distract Hans to such an 
extent as to hinder his attention to Pfungst or his answering nearly 
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These were by no means the only matters upon which 
Krall tested Hans in the five months or more scattered through 
several years during which he worked with him. He instituted 
regular tests of his keenness of vision, his discrimination of 
colors and forms, his liability to optical illusions, his senses 
of hearing, smell, taste, and touch, his speed of compre- 
hension and his span of attention,—carrying out all these 
tests in the general manner in which they are made on human 
subjects. He even experimented upon Hans’ powers of ap- 
preciation of the beautiful and ugly, and his consciousness 
of self. And through it all he had not infrequent, though 
undesired, occasion for observing the horse’s willfulness, stub- 
bornness and contrariness, features of horse psychology upon 
which in his later discussions he lays no small stress. Into 
all this, however, we have no time now to enter; nor do 
these experiments and observations, except perhaps those 
with reference to the horse’s crankiness, touch the main ques- 
tion. If the horse has the independent mental endowment 
which von Osten and Krall believe he has, it is not surprising 
that such tests should have been possible; if the horse is 
guided, visually or otherwise, by some human being within 
sensory range, as Pfungst and others believe, there is no 
reason for surprise at any results within the limits of human 
capacity. What still remain the chief questions are the two 
upon which Pfungst worked: Can the horse think for himself, 
and if not, by what means does he draw upon his human 
environment? It is these two questions also that we shall 
keep uppermost in mind in our account of Krall’s work with 
his own horses, Muhamed and Zarif. 

But before we take up the training and feats of these 
horses, let us turn for a moment to their master. What man- 
ner of man is Krall? To this question we reply, depending 
here chiefly upon the statements of his partizan, Dr. William 
Mackenzie, that Krall is a respected member of a commercial 
family of wealth and importance in Elberfeld, still in busi- 


all Pfungst’s questions correctly when Hans could see him. and that 
in Krall’s experiments in the dark there was some of the time light 
enough to distinguish objects as small as unlighted matches and to 
make it interesting for spectators in the tenement windows about, 
that in other experiments a lighted candle was used in the experi- 
ments themselves and in still others small light disks or transparen- 
cies—sources of light of possible consequence in case of an animal 
with as good night-vision as a horse. Under the circumstances the 
question naturally suggests itself whether the time supposed by Krall 
to have been necessary for accustoming the horse to the unfamiliar 
blinders was not in reality necessary for the establishment of a new 
sort of unconscious sensory guidance in place of that cut off by them. 
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ness and following science as an avocation. He is regarded 
by his neighbors as perhaps a trifle visionary, but of unques- 
tioned good faith. Temperamentally he is open, enthusiastic, 
liable to say things of which his opponents can take advan- 
tage; he is inventive, full of the spirit of research, of a 
philosophic habit of mind, with something like a touch of 
genius. Before he became interested in Hans he had long 
devoted himself to psychological experimentation, but with- 
out publishing his results. In his house he has a consid- 
erable physical laboratory. His library is that of a student 
and especially strong in psychology. 

His general standpoint in animal psychology is indicated 
by his contention that animal and human minds are of 
identical nature and that neither has come into being through 
evolution. The great bar to the recognition of this identity 
has been the absence of adequate means of communication 
between men and animals. It is von Osten’s glory that he 
discovered a way by which this bar could be removed. Krall’s 
own function has been to save von Osten’s great discovery 
from oblivion (impending on account of the blunders of 
Pfungst and the bigotry of science), and to set it upon a 
firm basis of demonstration, paving the way to a complete 
mutual understanding between men and animals, with in- 
finite possibilities of advantage to the animals because the 
concession of likeness in mentality necessarily involves also 
the concession of personality and a new set of ethical obliga- 
tions on the part of man toward his fellow creatures. Krall 
mentions incidentally his affectionate interest in animals from 
his youth and his gratification that destiny has assigned to 
him the demonstration of their possession of reason and the 
general unity of Nature in the things of the mind. This 
attitude toward his own work and that of von Osten goes 
far to explain certain characteristics of his work in general 
and of the book which he has written. 

In beginning the training of his own horses Krall intro- 
duced several minor improvements in method. He provided 
a special inclined platform on which the horse might work 
more easily and tap off his replies more distinctly ; he altered 
the system of tapping, so that units were tapped with the 
right foot, tens with the left, and hundreds again with the 
right, thus improving the tapped replies both in speed and 
accuracy. When it came to reading and spelling he intro- 
duced a new and better letter table. He carried out the train- 
ing also in such a way as to make the work as little fatiguing 
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to his pupils as possible. He did not, on the other hand, dis- 
pense wholly with the whip as von Osten had done. 

For these or for other reasons the horses made phenomenal 
progress. After two weeks’ training they executed simple 
commands and Muhamed had begun to show his arithmetical 
ability; he knew the numbers to ten and had caught the 
ideas of addition, subtraction and multiplication. During 
the first month the horses learned to perform commands 
given in German and in foreign tongues, both spoken and 
written, including Greek. After five months of training they 
had reached the mental level at which Hans had arrived at 
the end of four years. They surpassed him even then in the 
independence of their expression, and as their training con- 
tinued soon surpassed him in all particulars.® 

Of the attainments of Muhamed and Zarif I can give but 
a few samples, and I select, of course, striking instances, 
omitting the multitude of similar but less remarkable cases ; 
I shall also confine myself to the results with arithmetical 
problems and in the use of language, neglecting many other 
lines of education from which hardly less astonishing results 
are reported,—as, for example, in the miscellaneous notes (pp. 


® An interesting item as to the manner of training and one that 
is not without possible significance for the method of the later work 
of the horses comes to us from the Diisseldorf veterinarian, Dr 
Karl Wigge, from whom the following observation is cited by Ett- 
linger (Der Streit um die rechnenden Pferde, pp. 45 ff): 

“Wigge was able in the case of Berto [a blind stallion], who was 
led by the bridle, to assure himself that the blind stallion ‘ regularly 
began to tap at once with the right foot when Albert, the groom, after 
Krall had put the question, let loose the bridle, which he had before 
held taut.’ In the same way Wigge reports with reference to another 
horse, Demir (able to see but blindered), that in his case also 
Albert held the bridle and gave signals with it. The question was 
the simple arithmetical problem 3+ 3. ‘So soon as the horse had 
tapped with the right foot up to 6, . . . Albert gave the bridle a 
little jerk and the tapping promptly ended. In case of numbers 
above ten, which have now passed from my mind, the jerk for the 
units was given with the right rein, for the tens with the left. Of 
especial interest in this connection was the question: How does one 
make zero? Albert pinched the horse in the right flank (turning of 
the horse’s head to the right), then in the left flank (turning of the 
head to the left) and the zero was finished. No one of the spectators, 
so far as I could judge, had seen anything in this process, and Krall 
himself neither at that time nor in his book has given the least 
intimation of anything of the sort. The spectators were promptly 
charmed with the success of the pupil and clapped in lively appro- 
bation.’” (Wigge: Deutsche tierarztliche Wochenschrift, Dec 7, 1912.) 
The use of these means of control is not denied by Kralls partizans, 
but they explain that such means are used only in the early stages of 
the training and later become unnecessary. 
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490 ff. of Krall’s book) which recount cases in which Mu- 
hamed dictated problems, drew inferences as to the identity 
of snow and rain, guessed simple riddles, recognized verbs, 
found rhymes for words given, and distinguished the con- 
cepts of beauty and ugliness. 

Most of our instances will also be taken from the doings 
of this same Muhamed who is the brightest of Krall’s stud 
and especially strong in the extraction of roots. Krall him- 
self reports the solution of such examples as the following, 
the examples being written on the blackboard (pp. 119 f.): 


V64 x 64 first answered wrong as 42; then right as 32. 
V36 x V64 
50-2 


Visitors writing since the publication of Krall’s book report 
Muhamed as solving (by head work alone, of course) prob- 


lems like the following: V614656 or V 147,008,443, though 
sometimes after a lengthy series of blunders. Krall had, 
however, at the time of his own writing, already introduced 
Muhamed to algebra and had obtained correct solutions of 
equations like the following: 
x—48= 46 V49-+ x=16 
x.4=128 Vx +12=—18 


The results in language include the reading of written 
words and letters (i.e., the translating of them into an arbi- 
trary system of taps with the foot), the phonetic spelling of 
spoken words, the recognition and naming of objects shown 
in pictures, the answering of spoken questions, and finally a 
certain amount of spontaneous expression in simple phrases 
and sentences. After some practice in the formation of 
sentences the words “was Zucker” were written on the 
blackboard. Muhamed tapped siis. Told that this was no 
sentence he tapped z [for Zucker] ist. “‘ Was kannst du noch 
vom Zucker sagen?” 2 ist weis. “Und was noch? Ueber- 
lege mal!” z schmkt [for schmekt] gut. Asked next day 
for still another quality he tapped: z ht 4 ek [Zucker hat 
vier Ecken]. While note was being made of this Muhamed 
tapped spontaneously tohn. Johann asked: Was soll ich? 
M. replied m gbn [Méhren geben] and later, on similar occa- 
sions, filled the pauses with remarks of the same sort: pao 
b gbn [Pao give bread],* iohn hfr gben [Johann give oats], 

*Pao is the horses name for Dr. Schoeller, for a good while 
Krall’s trusted assistant. 


answered with emphasis as 1. 
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ig m hbn [I to have carrots], ig 2 haben [I to have sugar], 
(pp. 157f). 

Dr. Schoeller reports the following conversation with 
Muhamed after certain experiments in which Zarif had been 
intractable. I translate the paragraph, as an indication of 
the Elberfeld procedure in the investigation of the more 
complicated phenomena reported, not attempting, however, 
to reproduce the horse’s peculiar orthography. The horse’s 
replies are printed in italics. Dr. Schoeller writes: 

“30 Jan., 1911. I ask Muhamed: Why was not Zarif 
good? M. because is lazy. 1 write on the blackboard: Why 
Zarif lazy? M. because he said begin will not know. As I 
do not understand what ‘ begin’ means, I rub out all beyond 
said and ask again: M. begm will not know anything of it. 
M. is asked a third time and answers: begin he will not know. 
He persists with ‘begin’ and I assume now that he means 
perhaps ‘at the beginning of the teaching.’ I say nothing, 
but write on the board: why begin will Zarif not know? M. 
because he is lazy. Then I write, without speaking: how 
shall we make Zarif good? M. be good. I give it up now 
thinking that he does not understand me. Next evening (31 
Jan., *11) I ask Muhamed, since Zarif that morning was 
again intractable: Why was not Zarif good this morning? 
M. because Zarif ugghusra. Though I do not understand 
the last word at once, I use it nevertheless and write: Why 
Zarif ugghusra? M. because he is stubborn. Then I say: I 
do not understand what ugghusra means, tell me it again. 
M. unghorsam (disobedient). Now I write on the board: 
why Zarif stubborn? M. because he said no he will not. 
I make a great effort to learn from him now what may be 
done in order to make Zarif tractable again. Muhamed per- 
haps did not understand me for he answered finally, as yes- 
terday: be good. The meaning of this repeated answer is 
not clear to me since “ goodness ” on our part has never been 
lacking. The occasion of the failure to comprehend I came 
later to believe lay in the form of the question: What shall 
we do in order to, and therefore on the next day (1 Feb., ’11) 
I try to teach the horse the connection between cause and 
effect. I did not light the light at first and said: One can’t 
see well, how is it? M. dark. How ought it to be? M. 
light. After lighting up I write: What do we do in order 
to make it light? M. light up. I take now a picture book, 
which the horses have often seen, and in which the picture 
of a bright colored cock gives them particular pleasure as 
they have given us to understand in different ways. I write 
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on the board: What do we do in order to see cock? M. 
open book. Now I write: Zarif not good, what do we do 
in order Zarif good? M. blow have. I will not venture to 
decide whether he means by this reply instead of the earlier 
be good to show us the proper way of treating Zarif. It 
made quite the impression, however, that he had this time 
gotten the meaning of the question.” 

It is interesting to learn as we do from another source 
that Dr. Schoeller has for some time ceased to participate 
in the experiments and that Krall’s statement as to his with- 
drawal is that Muhamed and Zarif have explained that Dr. 
Schoeller has become unsympathetic toward them and that 
they will no longer work with him. 

Does this sound like a fairy tale? If so let us leave Krall 
for a moment and hear the testimony of a psychologist of 
international standing, Professor Edward Claparéde, of the 
University of Geneva, who after seeing the horses with his 
own eyes reports his observations in the volume of the Arch- 
ives de Psychologie for last year. 

Again I cull an instance ‘here and there. In the afternoon 
of the first day Muhamed was asked to spell the name of 
Claparéde. He tapped off in his system of phonetic spelling 
Klapard. “ But something is lacking,” said Krall and Mu- 
hamed gave the letter ¢. Later the horse was asked to spell 
the name of another participant in the seance, Mr. Tauski. 
The name was repeated to him twice and he spelled Tausj. 
“One letter is lacking—what is it?” asked Krall. c tapped 
the horse. “ No it is a k. At what place is it?’’ Muhamed 
tapped 4, au counting as a single letter in the letter table in 
use. “And what letter comes after k?” The horse gives 1. 

The cube root of 5832 was given correctly in a few seconds. 
The square root of 15376 (= 124) and fourth root of 456976 
(= 26) were given correctly in about ten seconds. In these 
tests Krall and the hostler had gone out of the room after 
the example had been written on the blackboard. The other 
participants were ignorant of the proper answers. Claparéde 
notes, however, that at the same time Krall was unable to 
make Muhamed understand that he (Claparéde) had a carrot 
for him and that Muhamed ought to go to him for it. With 
Claparéde alone in the room and proposing a simple example 
like 15 + 7 Muhamed answered wrong and indistinctly. 

On the afternoon of the second day Claparéde saw the 
horses alone with Krall, except for one of the grooms who 
was moving about in the stables near by but was not present 
at the seance itself. Muhamed was not in good form, gave 
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many false and meaningless answers but did a little work 
with square roots. In one instance he persisted in giving 
the answer 746 which was wrong, but gave immediately the 
correct one 747 after a cut with the whip. Zarif responded 
better especially in spelling, giving a recognizable approxima- 
tion to Claparéde’s name and bettering it on cross question- 
ing. Claparéde asked Krall to give Zarif a bit of sugar 
and ask him to name it. Krall, however, thought to get at 
the name indirectly and said to him, Was wiinschst du? 
[What would you like?] to which Zarif responded Miidseinjg 
[miide sein ich, I am tired]. Following up the questioning 
Krall asked, Wie heisst du? [What is your name?]. The 
horse replied Garif, using g which is No. 33 in the letter table 
for z which is No. 53. “ What other letter,” asked Krall 
still behind the door, “ could you set in place of f? V replied 
the horse. “Qui est Zarif?” asked Krall in French. tig 
[ich] replied the horse. 

Professor Claparéde risks, though with some reserve, an 
explicit statement that in his judgment correct responses were 
given by the horses under conditions that exclude absolutely 
the possibility of guidance by voluntary or involuntary sig- 
nals, and that it seemed certain to him that the horses counted 
the taps and spelled spontaneously. For others, however, the 
growing pitch of the marvels has at last overstrained belief— 
to mention but one great name, Edinger the neurologist—and 
Claparéde himself points out the need of experiments which 
lead to certainty and not merely to conviction. At a second 
visit during the present year Claparéde attempted to make 
tests “ without knowledge” upon several of the horses, but 
obtained only negative results, the experiments both “ with 
knowledge ” and “ without knowledge ” showing a similar and 
very large percentage of errors. Archives de psychologie, 
XIII, 1913, 244-284. 

Since this is the case let us return to simpler and more 
fundamental matters. Let us see what evidence Krall has 
to offer in rebuttal of Pfungst’s generally accepted demon- 
stration of the dependence of Hans on unintended visual 
signals? Pfungst’s argument is made in two stages. He sets 
out to prove first by means of tests with questions whose 
answers are unknown to the questioner (procedure “ without 
knowledge”) that Hans is not able to think on his own ac- 
count, but depends in some way on his questioner; and with 
this established he then goes on to show by means of a 
variety of tests and experiments that Hans received guidance 
through seeing unconscious movements of his questioner. 
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Now it is clear that to refute Pfungst and to establish the 
case for independent thought on the part of the horse Krall 
must meet not only the second, but above all the first point 
of Pfungst’s argument. For if he merely shows that there 
are cases in which visual cues are impossible, he overthrows, 
indeed, a portion of Pfungst’s work, but fails to touch the 
fundamental point of the horse’s dependence on his ques- 
tioner. To prove the powers of the horse to be independent 
like those of man this dependence must be definitely disproved 
and on this point one would suppose that Krall would have 
trained his heaviest batteries. This he does not do. He 
busies himself rather with discrediting the hypothesis of 
guidance by visual signs, and to the piling up of new cases 
to be explained, but gives comparatively little space to tests 
“ without knowledge,” and treats even his own results with 
such tests in a very summary fashion, devoting but 13 of the 
more than 500 pages of his book to the special consideration 
of experiments of this sort and citing no detailed protocols. 

In these 13 pages he argues that while right answers in 
experiments ‘“ without knowledge” would furnish positive 
proof of independent thought on the part of the horse, the 
failure of the horse to reply correctly or even at all in such 
cases does not prove that the horse cannot think independ- 
ently, because the failure may be accounted for by the per- 
versity of the horse, concurring thus with von Osten’s ex- 
planation which was that when the horse discovers that his 
questioner is ignorant of the answer he loses respect for him, 
becomes intractable and answers wrong or not at all. The 
horse’s surprising ability to discover whether the questioner 
knows or does not know the answer is credited to his very 
delicate responsiveness; “All horsemen know well,” we are 
told, “ how surely a fine horse shares his master’s mood.” 

In the way of facts in support of this explanation Krall 
has these to offer as to the general “ crankiness”’ of Hans. 
Even von Osten was not always successful with him. Most 
would-be questioners failed entirely, a few succeeded with 
the first question or two and thereafter failed. Hans refused 
also when the conditions were unusual, as when von Osten 
questioned with his back toward the horse; or he answered 
wrong to a stranger and right to his master. 

In the matter of particular tests executed “ without knowl- 
edge,” the following are cited: First, certain tests carried 
out by Dr. Grabow in 1904 and reported at length by him 
to Krall (though whether these were reported from memory 
or from a full protocol taken at the time is not stated). In 
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these experiments Grabow stood in one corner of the court- 
yard, von Osten in another. The questions (simple arith- 
metical problems) were written on cards and shuffled by 
Grabow in his pocket. One of the cards was then drawn 
out at random and held up before Hans without being looked 
at by Grabow. The horse was then asked whether he had 
understood the problem, and on his signifying that he had, 
he was sent to his master who asked for the result and for 
the numbers entering into the problem. Then finally Grabow 
examined the card and verified the correctness of the response. 
Such tests were made on several days and are reported to 
have been with few exceptions successful; which, however, 
throws some doubt upon the rigidity of the conditions under 
which they were carried out, for similar experiments even 
with Krall were very far from generally successful. 

Some of Krall’s own experiments were made with more 
elaborate apparatus and in such a way as to dispense with 
the assistant. Hans usually answered the first two or three 
questions correctly and then refused. They probably were 
not made in great number, however, as such experiments met 
with opposition from von Osten who disliked to risk habitu- 
ating the horse in refusing. In a very few cases Hans an- 
swered correctly and persisted in his answers when his ques- 
tioner thought him in error, ¢.g., in a series in which the 
cards shown were intended to contain only directions for 
certain movements to be made, Hans unexpectedly tapped the 
number 3 and held to it. Examination showed that a card 
carrying the word “ drei” had been included by accident. In 
another case when the experiment was made by two persons, 
each showing Hans a card carrying a number unknown to 
the other and Hans giving the sum, Krall’s assistant set a 
zero on his card. Krall had written five on his and on hearing 
Hans tap five declared the answer wrong, forgetting, for the 
moment, the possibility of zero being used. In these experi- 
ments also it was usually in the first few trials that Hans 
was right, and, in general, experiments “ without knowledge ” 
were more successful when not given in continuous series but 
interspersed among tests of other sorts. 

These experiments and others like them seem to Krall to 
establish the ability of Hans to solve problems of which the 
answers are unknown to the questioner, but he finds still 
clearer evidence for independent thought in the peculiar and 
erratic spelling of his own horses, arguing that, as no one 
can foresee the particular one of several ways which they 
will use on any given occasion, each case of their spelling 
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becomes in fact an experiment “ without knowledge.” These 
horses could express negation by shaking the head, by mov- 
ing it from side to side, by tapping off the word nein, either 
in full or in a variety of distortions and abbreviations, or by 
tapping simply m accompanied by the side to side movement 
of the head or by using the words nicht or nichts. Zarif for 
example had the following variety: nein, ne-in, nien, nen, 
nieein, nicht, nig, nigd, nigt, nihjs, nigst, nych, nycht, neigt, 
ngeit (p. 165). Similar variability is found also in the spell- 
ing of other words. 

For Krall this possible variety in the means of expression 
constitutes proof positive that the horses do their own think- 
ing, because the peculiar forms used are unpredictable. But 
is it after all so conclusive? Assume for a moment that the 
horses are intentionally controlled by a confederate; such a 
variety of response would then offer no difficulty. The par- 
ticular forms of response would be equally unpredictable to 
all the company except the confederate. In a similar way 
if the control were unintentional and unconscious, the par- 
ticular response would again be unpredictable and yet not in- 
dependently selected by the horse. And when to this may 
be added a certain amount of pure blundering both on the 
part of the horse in following the control and of the con- 
troller in effecting it, there would seem to be room enough 
for all the variety of responses exhibited. And it will not 
do, of course, for Krall to say that such an explanation is 
inadmissible because there is no control of any sort, for that 
would be simply begging the question, the very point at issue 
being whether or not some form of control exists. 

The experience with the horses which Krall next describes 
as a warning against hasty inferences from the failure of ex- 
periments “ without knowledge” seems to the present writer 
one of the most important observations in the book and one 
which creates a strong presumption against the possession by 
the horses of anything like abstract numerical ideas. When 
Muhamed and Zarif were able to answer correctly problems 
in simple arithmetic written on the blackboard even when these 
involved eight or ten place numbers, they were found to give 
wholly erroneous answers to problems involving but two fig- 
ures when these were presented on cards instead of on the 
customary blackboard, even when the cards were black and 
the figures made with chaik, and even when these black cards 
were held against the blackboard itself, though when the same 
figures were written directly on the blackboard all trouble dis- 
appeared. Krall’s explanation is that by long habituation the 
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idea of number had become so firmly associated with the 
blackboard that figures not on the blackboard were not recog- 
nized as numbers. The breaking up of this supposed associa- 
tion, “ required,” he laments, “an incomparably greater ex- 
penditure of time and patience than to lead them [the horses] 
up to the number concept in general and to reckoning with 
ten-place numbers.” But is it conceivable that creatures with 
such small powers of dissociation (since dissociation is an es- 
sential factor in the formation of abstract conceptions) could 
ever have grasped the abstract relation of the number system? 
And does not rather the failure of the horses to recognize 
numbers under these conditions throw doubt on the reality of 
their supposedly independent calculations in more familiar cir- 
cumstances ? 

One more set of experiments “ without knowledge” was 
carried out by Krall and his assistant, but in a manner so un- 
critical that to adduce it in a serious argument serves chiefly 
to throw doubt upon their whole course of experimentation. 
The experiment consisted in speaking to the horse from a dis- 
tance by telephone (the assistant holding the receiver to the 
horse’s ear) and requiring the horse to tap off what had been 
said to him, the experimenters assuming apparently that it 
was not possible for the assistant also to hear the rhythm 
and cadence of what was said and thus to receive at least a 
suggestion of the words used! 

With this telephone experiment the chapter on experiments 
“without knowledge ” comes to an end, and does so, in the 
present writer’s opinion, distinctly without the presentation of 
sufficient evidence to establish, against the methodical series 
of Pfungst, the essential fact of the mental independence of 
the horses. It is highly probable that in the case of Krall’s 
horses as well as in that of Hans we have to do with some 
form of control. 

In his dealings, however, with Pfungst’s second contention, 
that the horses are controlled by unconscious movements serv- 
ing as visual signals, Krall is much more successful. We have 
Claparéde’s testimony that the horses gave correct replies when 
no human being was near, when Krall and all other specta- 
tors had left them, and their tapping was watched through a 
small glazed hole in a stable door. In other instances also, 
if we have all the essential facts, the difficulties of an explana- 
tion on the basis of control through visual stimuli are very 
great. 

What other sense may serve in the place of vision we do 
not know. Krall asserts that experiments of his own have 
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shown that signals through the ear were not operative in the 
case of Hans, but does not describe the experiments further. 
In the absence of details, the possibility of such signals can 
hardly be surrendered. It will also be recalled that Pfungst 
made no serious study of the possibilities of unconscious guid- 
ance in other ways than through vision. It is certainly prema- 
ture to propose the alternative of independent thought on the 
part of the horses or an, as yet unknown “ Konnex,” such as 
thought-transference, or something of the kind, between the 
horse and the questioner, until the sense possibilities have 
been definitely exhausted; nor can the believer in such an 
hypothesis be brought to book by a demand that he show in 
advance how these other senses would operate, for that is 
something which only a special experimental study of the 
horses could be expected to discover. It is enough that such 
an hypothesis has not been explicitly disproved; and until 
it has been explicitly disproved, it must take precedence of 
that of independent thought on the part of the horses as well 
as that of “ thought-transference.”* The very small number 
of fully established cases in which the horses seemed to per- 
sist in correct replies, against the belief of the questioner 
that they were mistaken, probably does not exceed the limits 
of chance successes. 

And thus I am compelled to bring my tale of learned horses 
to a close without the final solution of the mystery, a dramatic 
blemish which I regret but am powerless to remove. 

There remain, however, one or two general matters of 
which I should like to speak. First with reference to the 
minds of horses. To assert that Hans and the Elberfeld 
horses probably do not think in the human fashion in which 
von Osten and Krall have supposed them to think is by no 
means to deny that horses have minds or even to affirm that 
the minds which they possess are of a totally different stuff 
from those possessed by man. Most comparative psychologists 
would, I imagine, accept the hypothesis that the mind of man 
has come up in the process of evolution from an undeveloped 
original similar to that from which the minds of animals have 
come. But this is a very different matter from saying that 


7I do not consider the possibility of intentional guidance, though 
it is a possibility, for we have almost no data upon which to go. 
There seems to be general agreement as to the absolute good faith 
of Krall, but that he may have been played upon by unscrupulous 
grooms or others is a possibility which cannot be thrust aside on a 
mere impression that it is not so, but must in the end be definitely 
brought to the test and proved or disproved like any other 
hypothesis. 


| 
| | 
| 
| 
| 


30 SANFORD 


the minds of horses, which are now fitted to a horse body 
and a horse life and have back of them untold ages of horse 
development can by a few months’ teaching be transformed 
into tolerable likeness to the mind of man which is associated 
with a human body, has been moulded to a human environ- 
ment and has had a human evolutionary history. Every ani- 
mal is equipped with a set of fundamental instincts suited to 
its manner of life, and adaptation in instinct is every whit as 
essential to physical survival as adaptation in bodily structure. 
These instincts are the original framework of the animal’s 
mind, and by determining its attention determine the formation 
of its habits and its responses to all the moulding influences 
of its environment. That there is some plasticity in these 
instincts and so some chance for progress does not in the least 
invalidate the original adaptation of which we are speaking. 
We shall expect to find horse minds keen and active and show- 
ing their greatest feats in matters of importance to horse life, 
and they will be most capable of training in the same direction. 
The work of von Osten, Pfungst and Krall, even under the 
most conservative construction, shows a responsiveness in 
horses far more keen than had generally been suspected and 
is a first-class contribution to comparative psychology. 

And yet the chief interest of these experiments in the pres- 
ent writer’s judgment, lies in the closeness with which they 
correspond in their general features to the human experiences 
dealt with by the Society for Psychical Research. We have 
in both a group of very unusual phenomena obtainable by some 
observers and imperfectly or not at all by others, phenomena 
which we are asked to regard in one case as the sign of inde- 
pendent human thinking on the part of the horses and in the 
other as the evidence of supernatural powers in the medium, 
phenomena which in both cases very closely resemble re- 
sults obtained by trainers and magicians through means avow- 
edly deceptive. We have as the chief human actors men of 
good faith, but strong preconceptions like von Osten or of 
active and enthusiastic temperament like Krall, to whom the 
systematic and formal procedure of science has little attrac- 
tion. We have the same unwillingness—not altogether un- 
natural—to permit exhaustive experiments by controversial op- 
ponents, because they are “ unsympathetic to the horses ” or 
because they are apt to destroy for a time or permanently the 
essential conditions of the phenomena. We have the same 
attempts to prove the case by testimony instead of by rigid 
experimentation, especially by the testimony of men of unim- 
peachable integrity and of distinction in other lines of study, 
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but of no experience whatever in the matters really at issue. 
The impression is not to be avoided that we are dealing here 
with real analogies and not superficial resemblances, and that 
perhaps the delicate responsiveness of horses and dogs offers 
us a means of bringing some of the mediumistic phenomena 
into the laboratory in manageable fashion. It may, at any 
rate, be safely conjectured that when the case of the horses 
has been followed through to the bitter end we shall know a 
good deal more than we do now about the finer and supposedly 
occult workings of the human psycho-physical machine. 
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I. INTRODUCTION 


The investigation which is here reported has aimed to deter- 
mine what mental procedures and what mental processes are 
employed in solving problems of various sorts, and in subse- 
quently recalling the problems and the solutions. Problems of 
various kinds and of various degrees of difficulty and com- 
plexity—mathematical problems, mechanical puzzles, and the 
like-—were presented for solution; and after the lapse of a 
month or more the observer attempted to recall both the prob- 
lem and his solution of it. At the time of the initial act of 
solving and also of the subsequent act of recall, he furnished 
an introspective description of the mental content and the 
mental procedure to which he had had recourse. It was hoped 
by this means to throw light upon the processes of understand- 


*From the Psychological Laboratory of Clark University. 
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ing and solving problems ; but the chief purpose of the investi- 
gation consisted in obtaining an insight into the mental 
mechanism which is employed in the remembering of data 
which are logically related. 


II. HuistoricAL STATEMENT 


Numerous investigators have attacked the problem of ‘ me- 
chanical memory,’ but the act of remembering logically related 
data has received but slight attention. The pioneer experi- 
ments of Ebbinghaus ? were concerned almost exclusively with 
the learning and the forgetting of nonsense-syllables. It is 
true that he also employed significant material,—stanzas of 
poetry,—but he was interested only in the quantitative aspects 
of his problem, and he made no attempt to furnish a qualita- 
tive analysis of the phenomena of memory. And the work 
of Radossawljewitsch * suffers from the same limitation. Al- 
though Henderson‘ was interested chiefly in the quantitative 
relations of memorial phenomena his paper contains a section 
which deals with the qualitative analysis of the process of 
remembering. He finds that three factors contribute to the 
act of recall: a preliminary adjustment of attention, which is 
comparable to that which was present during the initial act 
of learning, and which is accompanied by images of that initial 
experience; a sense of the general meaning of the material 
which was learned; and an unfolding of details which is a 
product either of one’s waiting for certain cues to lead to 
results, or of one’s inferring the details from the cues and sub- 
sequently employing the criterion of familiarity as a test of 
the validity of the inference. 

In a more recent investigation, Michotte and Ransy * pre- 
sented pairs of related words to their observers and after an 
interval the first word of a pair was re-presented with the 
instruction that its mate was to be recalled. It was found that 
this act of reproduction was usually accomplished by means 
of an intermediate term: a visual image of the object denoted 
by the word which was sought; a visual image of the posi- 


2H. Ebbinghaus. Ueber das Gedachtnis: Untersuchungen zur ex- 
perimentellen Psychologie. Leipzig, Duncker und Humblot, 1885. 
Pp. 188. 

3 Paul R. Radossawljewitsch, Das Behalten und Vergessen bei Kin- 
dern und Erwachsenen. Leipzig, Nemnich, 1901. Pp. 197. 

4E. N. Henderson. A Study of Memory for Connected Trains of 
Thought. Psy. Rev. Monog. Suppl. No. 23. IV. 1903. Pp. 94. 

5 A. Michotte and C. Ransy. Contribution a l’étude de la mémoire 
logique. Travail du laboratoire de psychologie expérimentale de 
Vumiversité de Louvain. Louvain, Ig12. pp. 95. 
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tion of the word upon the printed sheet; a motor image; an 
affective process; or a consciousness of the relation which 
obtains between the stimulus-word and its mate. This rela- 
tionship may be symbolized by an image, or it may make its 
appearance in non-imaginal form. The authors believe that 
imagery plays only a secondary role; the image fails to repre- 
sent the relation in an adequate fashion. The authors point 
out that the relation is the essential factor in the act of recall; 
but the introspections of certain of their observers seem to 
show that the presence of the imaginal symbol ensures the 
recall of the relation. 

Bihler’s® investigation of the remembering of ‘thoughts’ 
yielded a somewhat similar result. His method consisted in 
first presenting groups of sentences or phrases to his observ- 
ers, and subsequently in presenting analogous (but non-iden- 
tical) sentences or phrases. The observer reported what sen- 
tences or phrases of the original group were evoked by these 
cues and described the mental processes which were involved 
in the act of reproduction.’ Bithler’s findings led him to 
posit the existence of a non-imaginal consciousness of relation ; 
the recall of the complete meaning of a sentence may be 
mediated by a pure ‘thought’ without the codperation of 
imagery of any sort. 

Hirszowicz® investigated the processes which attend the 
act of free association upon the presentation of adjectives and 
nouns, which appealed to all sense departments. She found 
that when the stimulus-word is an adjective, merely the quality 
may be first imagined, then the object to which it belongs; as, 
for example, first a yellow color with spread-out surface was 
seen, not connected with an object but very bright, then the 
surface seemed to be rounded and a lemon appeared. For one 
observer the images came very rapidly and developed into a 
definite visual image. Kinaesthetic experiences were some- 
times localized in parts of the body ; but these and organic ex- 
periences were very rare. Definite feeling tone was noted in 
about forty per cent. of all the reactions. The feeling tone 
arose from the visual image of the stimulus or reaction word; 


®@Karl Bihler. Tatsachen und Probleme zu einer Psychologie der 
Denkvorgange. III. Ueber Gedankenerinnerungen. Archiv f. d. ges. 
Psychol. XII. 1908. 24-02. 

7 It should be noted in this connection that Biihler’s published intro- 
spections are selected almost exclusively from two of his six ob- 
servers 

Sarah S. Hirszowicz. Experimentelle Beitrage zur Analyse des 
Reproductionsvorgangs. (Jnaug. diss.) Ziirich: Selnau, Leemann 


& Cie., 1909. pp. 7I. 
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as, for example, the stimulus word was salad and the visual 
image of a salad with green leaves appeared, accompanied by 
a feeling of pleasure. Often the stimulus word aroused at 
first a memory complex; as, for instance, a memory of a 
definite poem, and with it a feeling of pleasure. The emo- 
tional states in the course of reproduction play a much greater 
role in women than in men. 

Schwiete’s * investigation of the conscious structure of con- 
cepts is related to our problem in that he employed the method 
of reproduction to establish both the free and directed asso- 
ciations. Words belonging to the various ‘ parts of speech’ 
were given as stimuli. In a majority of the reactions visual 
images of objects associated with the stimulus word were 
aroused. In certain cases whole constellations of ideas ap- 
peared which embodied several applications of the concept, or 
several appropriate conditions. The meanings, or more com- 
plete relations were not seen at once but were developed with 
the constellations. The structure of concepts evoked in recall 
are, for the most part, images, and ‘ feelings of familiarity.’ 
These images are generally dim and indefinite, but at times 
complete visual images do appear. 


III. Our ExperIMENTAL ARRANGEMENT 
A. Observers 
The eighteen observers named below took part in this inves- 
tigation. Dr. J. W. Baird, (B); Dr. A. K. Beik, (Bk) ; Dr. 
L. A. Blue, (Bl) ; Mr. Walter Butler, A. M., (Bt); Mr. P. C. 
Chang, (C); Dr. Helen D. Cook, (Ck); Mrs. E. O. Finken- 
binder, A. B., (F); Dr. S. W. Fernberger, (Fr); Dr. S. C. 
Fisher, (Fs) ; Dr. A. N. Gilbertson, (G) ; Miss B. W. Higgins, 
(H); Dr. J. Allen Hunter, (Hn) ; Mr. Douglas Miner, A. B., 
(M); Dr. Roy F. Richardson, (R); Dr. Elizabeth Woods, 
(W); Mr. Raymond M. Wheeler, A. M., (Wh); Dr. H. P. 
Weld, (Wld); Dr. S. Yamada, (Y). 


B. Method and Arrangement of the Experiments 


From February to June, 1912, problems were presented for - 
solution to ten observers, one observer at a time and in a quiet 
room ; and recalls were made one month or more after solving. 
Each observer made a second recall of each problem at the 
close of the year (one month or more after the first recall) ; 
and after the vacation of three months, a third recall. The 


°F, Schwiete. Ueber die psychische Reprasentation der Begriffe. 
Archiv f. d. ges. Psychol., X1X., 1910, 475-544. 
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observers who participated were :—Bk, Bl, Bt, C, Ck, Fs, Hn, 
M, Wh, Wid. 

A second series of problems were solved during the year 
1912-13 by the following ten observers: B, F, Fr, Fs, G, H, 
R, W, Wh, Y. The problems were not presented in the same 
order to more than two observers,—the changed order being 
introduced for the purpose of equalizing the possible influence 
of one problem upon another. For example, if under this 
irregular order, all observers in attempting to recall a certain 
problem, recall first the problem that preceded it in the series, 
we may be sure that this course of association in recall is a 
general phenomenon. If, however, this course held true for 
two problems that had been presented in the same order for 
all observers, it might still be due to inherent qualities of the 
problems and not to the relative position of the two in our 
order of presentation. 

The materials were presented in either a visual or an audi- 
tory fashion. Those statements of problems that were read 
by the observers were either typewritten, or written in the 
experimenter’s hand-writing. Our interest here was to deter- 
mine whether the course of recall is the same for the three 
modes of presentation. (See p. 72.) 

The observers were instructed, in certain cases, to read the 
statement carefully, then to introspect upon the perception of 
the problem up to that point. In other cases, they were 
allowed to proceed with the solution without introspecting 
upon the initial act of apprehending the problem. When the 
observer had made a step or a number of steps,—which fact 
was apparent to the experimenter from the observer’s actions, 
statements, or penciled notes—the experimenter interrupted 
with the request, “ Introspect,” or “ Introspect upon your last 
step.” It frequently happened that the observer had become 
so deeply interested in the solving that he turned with reluc- 
tance to introspect. On the other hand, at times his attention 
turned immediately to the introspection, and he began his 
description voluntarily. The reader may object here that in 
thus introducing interruptions, we have interfered with the 
observer’s natural procedure in the solving of the problems. 
But if the solving be carried through from beginning to end 
without a break, the mental processes are often so numerous 
that a complete introspection of the whole series at once is 
impossible. We are interested in determining just what pro- 
cesses occur in the solving, in order that we may determine 
in the subsequent recall what proportion of the processes are 
recurrences of the steps in the initial solving. Without a de- 
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tailed knowledge of the processes occurring in the solving we 
can not determine what is recalled, and this method of intro- 
spection seems most appropriate. 

The uninterrupted introspective report was written as dic- 
tated by the observer; then questions concerning unclear de- 
scription of structure and of function were asked by the ex- 
perimenter. These questions were also recorded in every 
instance. In addition to the recording of introspective reports 
and questions, we noted the remarks, gestures, or other ex- 
pression of the observer, as well as the successive steps pursued 
in the solution. In the case of one observer, Wh, plethysmo- 
graphic and pneumographic records were obtained ; these, how- 
ever, contributed little or nothing to our investigation, and they 
will not be described or discussed in our statement of results. 

It turned out that certain observers failed to solve some 
of the problems assigned. In such cases, the experimenter 
furnished the solution after an hour had been spent in an 
unsuccessful attempt. 

The observers were instructed not to attempt a recall of the 
problems at any time between sittings; they were also in- 
structed to make an effort to direct their attention elsewhere 
in case the problem began to intrude itself into consciousness 
during the intervals between sittings. 

In the reproduction of the initial group of ten problems, the 
observer was first asked to recall the first problem that he 
had solved; and at each subsequent sitting, the problem next 
in the order of solving. This method affords information con- 
cerning the particular factors by which the problems were 
ushered again into consciousness, in that the experimenter 
presented no datum of any problem to the observer as a clue 
to recall. If in his act of recall, the observer hit upon a prob- 
lem, which had been presented later than the one called for, 
he was not informed of his error, but was allowed to proceed 
with a complete recall of that problem, and of its solution. If 
he were unable to recall the problem or its solution in detail, 
he was given certain cues, or was asked questions which 
directed his attention to various points that had been over- 
looked. These cues and questions were recorded, as were all 
other questions asked by the experimenter. 

In the later experiments, cues were given for the beginning 
of a recall, as, for example, “ Recall the density problem.” 
(During the solving, the name “ density ” had not been given 
to any problem, although several involved that quality of mat- 
ter.) Cues both of an abstract and a concrete nature were 
given, in order to enable us to determine their relative value 
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in the act of recalling the problems to consciousness. (See 
p- 70.) 

The method of recording the results in recall was the same 
as in the initial solving, as already described, except that when 
no farther recall seemed to be forthcoming, additional cues 
were given. The observer was encouraged to guess and to fill 
up the gaps in his recall; and this frequently led to a statement 
of the problem or its solution. When he wholly failed to 
recall the problem, it was presented for re-solution. This 
method furnishes data for a comparison of the courses taken 
in the two solutions. 

It will be found that our problems are more difficult than 
those which have been employed by any other investigator of 
this topic. It will be found, too, that the intervals which 
elapse between the act of learning and the act of recalling, 
in our investigations, are relatively long. And our method 
differs from that of former investigators in that we have made 
an attempt to discover the structure as well as the significance 
or function of the mental processes which occur in the act 
of solving problems. Every act of memory is concerned, of 
course, with a mental content which has been acquired at some 
previous time; and in any investigation of memory, it is essen- 
tial to determine just what was present to consciousness dur- 
ing this initial act of acquisition ; without this datum it is obvi- 
ously impossible to institute any comparison between original 
experience and subsequent recall. 


C. Materials 

Our materials consisted of thirty-two ‘ problems ’. which had 
been selected as appropriate for our investigation. They gave 
rise to a wide variety of mental procedure and mental content, 
on the one hand; and on the other hand, the steps in mental 
procedure, during solving and during subsequent recall, were 
not of too long a duration to admit of detailed introspective 
analysis. 

These problems as quoted below were presented to our 
observers ; the name which appears here within parentheses is 
appended for later reference in our exposition. 


1. (The Dot Problem) 
“Readjust the lines so as to make 
groups of 6, 6, and 4, instead of the 
present four groups of 8, 3, 3, and 2. 
You must move only two of the lines 
in order to attain this end.” 
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2. (The T Problem) 


“Assemble these pieces of cardboard to form a cap- 
ital T.” 


3. (The Ring Problem) 

This mechanical puzzle consisted of a small hexagonal 
plate of vulcanite, and a ring of heavy wire. The plate 
was pierced by seven holes, and two additional holes had 
been bored half-way through it. The two ends of the wire 
which constituted the ring were not exactly opposed, but 
were slightly displaced in a lateral direction. The plate, 
with the ring passing through one of the holes was put 
into the hands of the observer with the instructions that 
he should remove the ring from the plate. The problem 
could be solved very simply by rotating the ring, thread- 
ing it through several holes in succession until it was 
finally passed through the central hole, where by tilting 
the ring, it could be detached from the plate. 


4. (The Touch Problem) 

A sheet of paper was laid upon the observer’s forehead ; 
two or more dots were then made upon the paper. The 
observer was then asked to transcribe these dots, in cor- 
rect order and position, upon a sheet of paper which lay 
before him on the table. 


5. (The Memorizing Problem) 
“You will be given one half-minute to memorize the 
numbers on this sheet.” 

The page of script figures was 
presented to the observer and after 
he had memorized for one half-min- 
ute he was called upon for his gen- 
eral method of procedure. Then a 
second half-minute was spent in 

memorizing, after which a complete introspective account 
was given. 
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6. (The Memorizing Problem—Division) 


A sheet containing the following group of numbers was 
presented with the same instructions as in Problem 5. 
The second half-minute was spent in noting the numerical 
relations and in memorizing. 


(Problems 5 and 6 were designed to bring to light the 
differences between the recall of simple, isolated data and 
the recall of numerically related data.) 


7. (The Addition Problem) 
“ Choose three of these numbers whose sum is 50.” 
3 
25 27 
15 6 14 


43 9 31 19 


8. (The Counters Problem) 


Five cards, each 5 cm. by 7.5 cm., labelled A, B, C, D, 
E, and twenty counters 2.5 cm. in diameter, numbered 
consecutively from one to twenty, were presented with the 
following instructions: “ Place the five cards on the table, 
A to your left and away from you, B about 5 cm. to its 
right, C midway between the two but nearer to you by the 
length of a card, D to your left with its furthermost cor- 
ner at the right near the closer left corner of C, and put 
E to the right of C as D is to the left. Place the ten 
counters in numerical order on C, one at the top and ten 
at the bottom. You are required to move the complete 
pile of counters to another card, one at a time, never 
placing any counter on one bearing a smaller number 
than itself. a. What is the fewest number of moves 
necessary ?” 

b. “In how few moves may a pile of counters num- 
bered three to thirteen inclusive be moved to a second 
card in like manner ?” 

c. “In how few moves can a pile of twenty counters 
be placed on a second card in the same manner ?” 


|_| 
| 
5 
27 16 7 
21 
1213 48 
18 
10 


REMEMBRANCE OF PROBLEMS AND THEIR SOLUTIONS 41 


d. “In how few moves can a pile of five counters be 
placed on a second card in the same manner?” 

e. “In how few moves can a pile of fifty counters be 
placed on a second card in the same manner ?” 


9. (The Box Problem) 
“What are the dimensions of a rectangular box whose 
top contains 120 square cm., whose side contains 96 square 
cm., and whose end contains 80 square cm. ?” 


. (The Weight Problem) 

“ A man had a forty-pound weight which he broke into 
pieces of such sizes that they enabled him to weigh any 
number of pounds from 1 to 40. What did the pieces 
severally weigh ?” 


. (The Hog Problem) 
“ A farmer, when asked the weight of a certain hog, 
replied, ‘ Just seven score pounds and a half its weight.’ 
How much did the hog weigh ?” 


. (The Spider Problem) 


“A spider is on the end-wall of a room, one meter from 
the ceiling, and five meters from each side. The room is 
10 meters high and 20 meters long. A fly is one meter 
from the floor and five meters from each side, on the end 
of the room opposite the spider. The spider crawls on the 
surface of the room to the spot where the fly is. What is 
the shortest route? It is less than 30 meters.” 


. (The Triangle Problem) 
“ Outline *° all the kinds of triangles you know.” 


. (The Number Arrangement Problem) 

99 9/9= 100; (5+5)X(5+5)=100. Find other 

similar combinations of digits that equal 100.” 
. (The Hat Problem) 

“In how many different ways may two men exchange 
hats? Three men? Four men? Five men? Six men? 
Seven men? Eight men? etc. Find a rule for determin- 
ing the number.” 


10 The word “outline” was here employed ambiguously to permit 
the observer to solve the problem according to either or both meanings. 
Our interest was to determine how the meanings are recalled. 
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. (The Multiplication Problem) 

“Suppose in a multiplication problem the nine digits 
are used in multiplicand, multiplier, and quotient, 7. ¢., 
four in the multiplicand, one in the multiplier, and the 
remaining four of the nine in the quotient. Choose the 
numbers for multiplicand and for multiplier so that the 
quotient will be the four digits that you have not used in 
the multiplicand and multiplier.” 


. (The Apple Problem) 

“T paid a shilling for some apples, but they were so 
small that the dealer gave me two additional apples. I 
find that this made them cost just a penny a dozen less 
than the first price asked. How many apples did I get for 
my shilling?” 


. (The Problem of the Dutchmen) 

“ Three Dutchmen, named Hendrick, Elas, and Cor- 
nelius, and their wives, Gurtriin, Katriin, and Anna, pur- 
chased hogs. Each bought as many as he (or she) paid 
shillings for one. Each husband paid altogether three 
guineas more than his wife. Hendrick bought twenty- 
three more hogs than Katriin, and Elas eleven more than 
Gurtriin. What was the name of each man’s wife?” 


. (The Problem of the Two Trains 


“Two trains, each containing sixteen cars and an en- 
gine, met as the diagram indicates. Each switch will 
hold just seven cars and an engine, or eight cars. The 
trains pass each other and move as shown in the diagram. 
How do they do it? How many reversals of each engine?” 


20. (The Angle Problem) 
a. “ Determine how many degrees in an interior angle 
of an equilateral triangle ; 
b. of a square; 
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c. of a regular hexagon; 

d. of an octagon 1 

e. of a pentagon; 

f. of a decagon ; 

g. of a regular sixteen-sided figure.” 


21. (The Milkman Problem) 

“ A dairyman in preparing his milk for public consump- 
tion employed a can marked B, containing milk, and a can 
marked A, containing water. From can A he poured 
enough to double the contents of can B. Then he poured 
from can B into can A enough to double the contents of 
the latter. Then he finally poured from can A into can B 
until their contents were exactly equal. After these opera- 
tions he sent the can A to London. The problem is to 
discover what are the relative proportions of milk and 
water, that he provides for the Londoners’ breakfast 
tables.” 


22. (The Density Problem,—Fresh-Salt Water) 
“ Does the water-line rise or fall as a boat passes from 
fresh to salt water?” 


23. (The Train Problem) 

“T asked a farmer how far he had to drive from the 
station, and he replied: ‘If I get out at Appleford, I will 
have as far to drive as if I had gone to Bridgefield, fifteen 
miles farther on; and if I change at Appleford, and go 
thirteen miles to Carterton, I will still have the same dis- 
tance to drive. Carterton is fourteen miles from Bridge- 
field.’ How far did the farmer have to drive?” 


24. (The Density Problem,—Density of the Earth) 

“ If the earth were of equal density throughout, it would 
be about two and a half times as dense as water; but it is 
about five and a half times as dense; therefore, the earth 
must be of unequal density. What is your reaction?” 


10a The word ‘regular’ was omitted in the statement of the sec- 

tions d, e, f, of this problem in order that the observer would be 
presented with an impossible task if he comprehended the statement 
of the problem. In this way an additional factor was presented. 
Several other problems contained similar situations. Any confusion 
which might arise therefrom was desirable because it gave opportunity 
ma determining the readiness of the recall of this factor. (See p. 
76. 
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. (The Water Problem) 
“ How much deeper is a body of water than it looks?” 


. (The Vision Problem) 

“ The minimum visibile is the least magnitude which can 
be seen; no part of it alone is visible, and yet all of its 
parts must affect the retina in order that it may be visible ; 
therefore, every part of it must affect the retina without 
being visible.” Is this true? 


. (The Nephew Problem) 


“ How can each of two men be uncle and nephew to 
the other?” 


. (The War Problem) 


“ The object of war is durable peace ; therefore soldiers 
are the best peace-makers. Do you agree?” 


. (The Cramming Problem) 

“ Cramming is detrimental rather than otherwise; for I 
have noticed that, no matter what the subject is, I invari- 
ably write a poor paper when I ‘cram’ and a good one 
when I do not cram. What is your inference from his ex- 
perience,—cramming is detrimental or not detrimental ?” 


. (The Proposition Problem) 
“Outline the kinds of propositions as used in logic.” 


. (The Aristotle Problem) 


“* Aristotle is living’ and ‘ Aristotle is dead’ are both 
intelligible propositions ; they are both true or both false, 
because all intelligible propositions must be either true or 
false. Explain.” 


. (The Linnets Problem) 


“What fallacies are contained in the following? Lin- 
nets when shut up and educated with singing larks,—the 
skylark, woodlark, or titlark,—will adhere entirely to the 
songs of these larks instead of to the natural song of the 
linnets. We may infer, therefore, that birds learn to sing 
by imitation, and that their songs are no more innate than 
language is in man.” 
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IV. RESULTS 


The chief purpose of our investigation has been to analyse 
and describe the mental processes involved in the act of re- 
calling logically related materials,—problems, and the observ- 
ers’ solutions of them. We shall treat individually, in section 
B, the recall of a number of the problems, in the order given 
above. From their descriptions it is hoped that the reader 
will be able to see indications of general tendencies. These 
tendencies as indicated by the total number of single recalls 
(600) will then be treated under separate headings in section 
C. Since a description of the act of recall would be unin- 
telligible to a reader who did not possess a knowledge of 
the observer’s act of solving the problems, it will be neces- 
sary to preface our statements of the results of recall by a 
brief statement of the processes employed in the act of 
solving. In section A, then, we shall describe a few of the 
general features of the solving. But in order to make clear 
the statement of results of recall in sections B and C a 
number of the particular facts of solving will necessarily 
be treated there. 


A. Solving of the Problems 


For the solving of the earlier problems in our list, we 
presented the physical objects so that the observer might 
perceive and manipulate the parts to aid him in his thinking. 
The solution of these problems depended upon the percep- 
tion of the relations existing between the parts of the object 
presented. In fact, all of our problems are similar in this 
respect; but those later in our list involve many relations 
which deal with human experience. They are considered to 
be more abstract and more difficult by most observers. 

In not a single instance did any observer solve a problem 
without having recourse to some physical object, which he 
either perceived or imaged. It is interesting to note that most 
observers examine this object of perception with consider- 
able care, even checking up incidental features before at- 
tempting to solve the problem. In the presentation of the 
‘dot problem’ (see p. 38, problem 1), the number of circles 
employed are given both in the description and in the dia- 
gram. Nine of our eighteen observers first of all added 
the numbers in the groups and counted the circles in the 
diagram as a check upon the statement of the problem. Only 
after this superfluous preliminary step did they begin their 
attempts to solve it. 
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All but two of our eighteen observers made at least half 
a dozen definite trials which they wrote, and often many 
more trials in visual imagery that they did not write. At 
first they attempted to find a variation from the original 
which would constitute the solution; ten then attempted 
to write the possible combinations of the sixteen circles in 
groups of six, six, and four. No one continued this line 
of attack to its logical end, but returned to his first method, 
because to make all the possible combinations of six, six, and 
four became as tedious in itself as the work of moving 
two lines in every possible way. When they tried to match 
up these groupings of six, six, and four, with that presented, 
they found that they had employed different numbers of 
lines, and had never used the same number as there were 
in the original grouping as presented. Further, in some of 
these forms, not a single line was in the same position as 
in the original grouping. The observers perceived this ex- 
treme variance, and they also saw that to form such a group- 
ing every one of the nine lines in the original must be moved ; 
consequently they returned to the attempt to move two lines 
to the proper position. By a long process they eliminated 
many possible moves until they finally hit upon the correct 
ones. The two other observers perceived more relations and 
began their attempts at solving in a more rational manner. 

It is not an easy matter to distinguish sharply between 
the use of trial images or assumptions, and the act of rea- 
soning One might extend the meaning of the term ‘ reason- 
ing’ to include all trial solutions; but as we shall use it in 
this paper, it will embrace only those trials in which the 
observer foresees the necessity of the step, or in other words, 
when he sees the result of a step before he takes it, opposed 
to those trials in which he works without seeing the neces- 
sity for a single move. Only two of our observers, during 
the solving, used reasoning in this sense of the word. The 
steps of reasoning that these observers attended to were, 
first, the fact that the two circles in the center group must 
be allotted to another group in order to make groups of 
six, six, and four; second, the question as to which line of 
those bounding this group of two should be moved. Then 
they saw that if the lower boundary lines be left unmoved 
and the central dividing line below be removed, one group 
of six is determined; and they then concluded that one of 
the two lines on the upper boundary may best be removed. 
This leads directly to the solution. The following introspec- 
tions are examples of reasoning in the first solving. 
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Ex. 1.11 Obs. Wh. [The dot problem. 65 sec.] (“Introspect.’’) 
“‘ My attention fastened upon the group of two, and I saw that in order 
to make groups of six, six, and four, one of the boundary lines of 
this group would have to be removed. I looked to see to what group 
these two should be added. Then I saw that by removing the lower 
line the two groups of three each would be connected and form a 
group of six, so the two circles should be thrown open above and 
be added to the group of eight. And this I imagined as done by 
viewing it as if just one of the lines were removed. . . 


Ex. 2. Obs. Ck. [120 sec.] “I went at it pretty seshienitiadiie 
to see how many of the heavy lines could be left unmoved. I saw 
that the top group had to be divided somehow. Then there came vis- 
ually,—six below by removing only one line [the lower vertical line]. 
A top boundary line then had to be taken from the center group of 
two. I imaged each line taken. Now I had the center group broken 
and also the lower group of six determined; and I took just a moment 
to see where the two lines should be inserted in the large group of 
ten above. I saw the four at the left and placed the lines vertically 
in the center, finishing the problem. . . . 


A majority of observers did not at first perceive a rela- 
tion that would bring them to a ready solution; instead of 
so doing they fastened their attention and directed their 
manipulations upon some unessential relation or false assump- 
tion. For instance, in the case of the ‘block T,’ the right 
angle was the first thing that the observers tried to fit or 
fill in. This kept them busy a long time and when they found 
that they could not accomplish it they concluded that the T 
could not be made. A new assumption could not be found 
and so a sheer trial and error method of fitting the pieces 
was begun with the hope that they would soon fall together 
in such a way as to look like a T. Only one observer per- 
ceived the relation and proceeded to work on the basis of 
this observation, that an edge of one of the pieces must 
necessarily fit upon or match an edge of another piece. This 
method brought the solution in a minute, whereas the other 
observers worked for ten minutes or, in some cases, almost 
an hour. This same difficulty of finding a new assumption 
or method of solving was present throughout all the problems. 
The essential feature in the solving of any problem is the 
attending to a particular portion or aspect of the physical 
object about which the problem is built. But ordinarily the 
observer fails to do this and some relation is overlooked, 


11 The numbers appended to the examples of introspection are in- 
serted for future reference. The quotations within parentheses are 
the experimenter’s words; the quotations not in parentheses are the 
introspective reports of the observer. Insertions by the experimenter 
for explanation are enclosed within brackets. The time in each case 
before the beginning of the observer’s response is noted in seconds. 
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which must be seen if he wishes to reach the solution method- 
ically and not accidentally. 


B. The Recall of Individual Problems 


Problem 1. (The ‘Dot Problem.’) It will be our pur- 
pose here to present particular facts of the recall of problem 
1. These are: (1) the cues necessary to evoke a recall; (2) 
the time spent in arousing the first datum of recall; (3) 
the structure of this datum; (4) the nature of the first 
imagery; (5) aids employed in definitizing this imagery; (6) 
stability of the later definite images and the significance of 
this stability; (7) the dominant kind of imagery; (8) trial 
images and their aid to progress; and minor points of detail. 
This treatment, it is hoped, will present to the reader a 
definite view of the act of recalling. 

Although this problem had not been named when pre- 
sented, and actually is not a dot problem, the observers were 
given the cue “ Recall the dot problem.” The name ‘ dot 
problem’ was used here in order that the observer might be 
started on his recall without being given a single factor of 
the problem. In only four cases was this cue insufficient, 
whereupon the words “ The circles problem” were added. 
Three observers recalled the problem in all its essential details, 


except for the fact that they reproduced dots instead of 
circles. One recalled this problem when asked to recall the 


‘box problem; for her the groupings were considered as 
boxes. In one case, in addition to the cues ‘dot problem’ 
and ‘circle problem’ it was necessary to add another cue, 
which was ‘ the groupings.’ 

In no case was there any immediate memory that such a 
problem had been solved. The length of time between the 
request to recall and the first traces of recall was never 
shorter than several seconds; in certain instances it was 
about five minutes. In these slower reactions, the observer 
reported an initial feeling of familiarity and a stage of 
warming-up; then a vague, schematic, visual image. This 
image slowly became more definite and took on detailed char- 
acteristics, such as lines, circles, groups, etc. This pro- 
gressive development of the process of recall is illustrated 
in the following introspections : 


Ex. 3. Obs. Fs. (“Recall the dot problem.”) [5 sec.] “There 
was almost immediately a rather slight tension. The focal things in 
consciousness were the sound of your voice which lingered in con- 
sciousness, and the vocal-motor innervation to say ‘ dot,’ with question- 
ing inflection. I actually whispered that word two or three times. Then 


i 
| 


REMEMBRANCE OF PROBLEMS AND THEIR SOLUTIONS 49 


a single puzzle occurred to me, but I cannot now remember what it 
was. It was dismissed almost immediately as not having anything 
to do with dots. Visual image of that diagram of the train puzzle, 
that is, the paper with broken lines appeared; but that also disap- 
peared almost instantaneously. The star puzzle appeared, connected 
with the word star, as a visual image. The puzzle was ten stars in 
lines, but I simply saw the ultimate solution. That also disappeared 
immediately. [This latter is not a problem of our investigation. } 
I did not recall the problem.” (“Can you get it now?”) [22 sec.]} 
“ Just a moment ago I had a flash of familiarity and nothing more 
than the vaguest sort of a visual image of dots, indefinitely located 
in space,—a faint recollection that I had had such a puzzle before. 
It was not present so clearly as that,—only a few dots arranged in a 
square, perhaps sixteen in all. The visual image was almost instan- 
taneous, but of increasing clearness. . I then started 
out with familiarity and these dots, together with a verbal motor, 
half-formed sentence, of which the general purport was: ‘Those 
dots are to be divided by a certain number of lines into certain definite 
groups’; but I was too intent on going ahead with the problem to have 
that sentence come as completely as I have given it. Lines attracted 
my attention so that I did not seem to go on to work out some way 
in which this thing could be divided off. I immediately set down 
these dots in that square and found the tendency to divide them off 
in various ways with lines. Nothing systematic about that because 
I was unable to recall the way they actually had been divided off. A 
tendency to try and divide them into - parts. I abandoned the 
effort and began to introspect. 


Ex. 4. Obs. Ck. (“Did you ever have a problem which was con- 
cerned with dots?”) [30 sec.] “No... (Or circles?”) [55 sec.] 
As nearly as I can say, there was a relaxation of the diaphragm, and 
perhaps a change in breathing. Then there gradually came an uncer- 
tain visual image of small black circles arranged in a square, four or 
five each way. At first this image seemed to be as much an invention 
of my own as anything else. Then there came some vague organic 
reaction; then came a visual image of two or three straight lines 
dividing off these dots from others. The problem was then inferred 
to be: three lines (I am not certain of the number) given in one 
position; I am to move them so that the dots could be put in some 
sort of grouping, I do not know what, at all. I cannot decide whether 
there were four or five dots in a side, but each image was a square. 
I think the final grouping had something to do with six. This was a 
pure inference from the arrangement of the dots in my first visual 
image.” [She called them dots, but now in her drawing to illustrate 
her visual image, she drew them correctly as circles.] “I now, while 
drawing, recalled vaguely (visual image) that the lines were one for 


each dot. This was at first very indefinite. 
The dots going around a square corner were 
counted in one group. This is the lower six. 
The dots in this arrangement now came out 
clearly, simultaneously. 
Ex. 5. Obs. M. (“Recall the problem that you solved after the 


counter one.”) [40 sec.] “I had a series of visual images, in the 
following order; the discs, the railroad, the capital T, and the circles. 
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These were located in a visual schema, rather than detailed images. 
Then at last the circles in my visual image cleared up. At first they 
were dim—perhaps three rows of four each. When I started to set 
them down they cleared up nicely into four rows of four each. The 
heavy lines began coming in. : 


Ex. 6. Obs. Bk. (“Recall the dot problem.”) [35 sec] “I 
imaged the typewritten sheet with the diagram on it. Can almost 
read the statement of the problem. A ‘6’ and an ‘8’ come in. 
My visual images are so dim that I do not know whether they are 
constructed or recalled. I am not sure that there were four dots in 
each line and each column.” [Draws.] “Oh, the heavy lines come 
in, and they make the whole figure lopsided; also a lower line keeps 
coming in. These images are multitudinous and as involuntary as 
reversible visual illusions. . . .” [The lopsided figure which came in 
at this point was in reality a visual image of the correct solution, as 
was clearly shown when Bk drew a picture of this visual image.] 


Ex. 7. Obs. Wh. (“Recall the dot problem.”) “Immediately I 
got a vague image of the original paper with dots on it,—with no 
definite arrangement, however. The first image was more like dots 
than ciphers. Now I see ciphers. The figure that I first saw was 
in the shape of a cross, then it became a square. [Pauses 2 seconds 
moving lips as if counting.] I a tell you the number; I will 
draw it.” [While drawing he said:—] “There were 12, I think.” 
The fact that there were sixteen divcian did not occur to my con- 
sciousness until they had been drawn. Just after I had drawn them 
I had a visual image of the lines within the figure. 


The number of circles was never definitely recalled at first. 
The observers often began to record dots and then recalled 
that dots had never been seen, but circles instead. Also the 
number of circles was definitized in writing them, as is shown 
in introspections 5, 6 and 7. Usually the visual image pre- 
ceded the writing; but it was very often verified or cor- 
rected by the perception of the trial forms that the observers 
wrote on the page. 

The above examples of procedure in recall indicate also 
the nature of the imagery in regard to its instability and its 
development. We see a growth in clearness and detail, also 
a correlation between clearness in details of the image and 
recall of the steps in the solution. This is more or less typical 
of all eighteen observers. In Ex. 12, p. 53, the haziness of 
some of the lines signified that these had been the ones shifted 
in the course of solving. At times the images were stable 
and slow in development; but more frequently, particularly 
in the cases of Wh, Ck, Fs, Bl, and Bk they were multitudin- 
ous and very unstable, as in Ex. 6, given above, and in Ex. 8. 


Ex. 8. Obs. Bi. “I have recalled the general form of the problem 
in indefinite imagery. Can see fluctuations of groupings but cannot 
say what they are. Am sure that the problem is made up of circles, 
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divided into groups by heavy lines, but cannot see how many of either, 
or their exact position, because my imagery is too vague and 
fleeting. 

In scene every case the images that appeared at a time 
when the observer was attempting to recall were very sig- 
nificant to him. Aided by these, he recalled or constructed 
others which formed a problem,—often the correct one. The 
following introspections are examples of this. 

Ex. 9. Obs. C. [60 sec.] “Just a vague visual image of the lines. 
The problem is to move two short lines so as to divide the spaces 
into 2, 6, 1, 4 instead of . . ., Wait just a moment. I am about to 
get it now.” [He draws 1 min.] “All that I remember clearly is 
that I moved two lines; I see myself moving them. However, I am 
not very sure just where these two moves were made.” [Pauses 5 
sec.] “I have a vague visual image of a written 4, 6, 8; no, it came 
more in vocal motor imagery. It seemed to come spontaneously with 
the problem itself. The moved lines came in quite clearly.” [Here 
he drew the position of the two lines when the problem is solved.] 


Ex. 10. Obs. W. (“Recall the dot problem.”) [13 sec.] “At 
first no more than the word ‘dots’ shifting in and out, auditory 
imagery; and then black dots faintly coming and going in visual 
imagery. Just now there comes a visual image of dots arranged in a 
sort of cross, and vertical lines appear between two of them. This 
brings the certainty that the problem is to group dots, the certainty 
being “otra the fact that it is a fixed (stable) image with fixed 
meaning. 

Certainty in recall is apparently closely related to stability 
of images, as is illustrated above, in Ex. 10; but it is not 
safe to generalize from recalls of a single problem, by only 
eighteen observers. Later (p. 72) we will discuss this point, 
and also the factor of meaning as these are found occurring 
throughout the various problems. 

The visual was the dominant mode of imagery, in the 
recall of this problem ; this was to have been expected, because 
little use had been made of other kinds of imagery during 
the solving. In addition to the visual imagery in the solving 
however, every observer employed words, and movements of 
the hand in drawing the trial positions of the lines; but the 
solving was carried on almost exclusively in visual imagery. 
In the recall the only imagery besides the visual was the 
hand motor, or vague kinaesthetic, which was bound up 
closely with the visual. Only three of eighteen observers 
noticed this kinaesthetic imagery. 

The trial groupings that had been made during the solving 
(p. 46), never came clearly to consciousness again during 
the act of recall. In half of the cases they were recalled as 
vague visual images, so dim that not a single line or group 
was seen distinctly. In a few cases, the remembrance that 
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many unsuccessful trials had been made in solving was 
merely a vague memory of the time spent in the room trying 
to solve the problem upon the first day. The general situa- 
tion in the room was most definitely remembered, together 
with the visual image of the solution and the fact that the 
problem had been solved. 

The observer who, in the act of recalling, has an abundance 
of trial images is the one who makes the most rapid progress. 
But these are never the same images that occurred during the 
solving. It is not surprising that this proved to be the case 
because not only did his present goal lie in a different direc- 
tion but he also set out from a different starting-point. Only 
one of the hundreds of trial images that had been employed 
in the solving was recalled, and this incidentally, after the 
essentials of the problem,—the form of the final solution, the 
presented form and the complete manipulation which was 
appropriate for the act of solving,—had been recalled. Not 
even the steps in reasoning which appeared during the solving 
were reinstated, as will be shown below. 

Neither of the two observers who used the steps of rea- 
soning in the solving (p. 46) recalled them, but recalled 
first the visual image of the solution and then the image of 
the form originally presented, with the attention directed to 
the two lines and their change of position from the original 
to the final form. Hence they recalled what they had seen 
and done; they did not recall the reasons why these particu- 
lar moves should be made. 

First recall showing the failure to recall the steps of reasoning 
given in Ex. 1. 

Ex. 11. Obs. Wh. [Continuation of Ex. 7.] 

{His drawing] 
“ This is the original presentation, and the 
problem was to make the groups six, six, 
and four instead of eight, six, and two. 
I had a visual image of the typewritten 
figures 6, 6, and 4. I think my instructions 
were: Change any two lines. This comes 
to me now in the visual images of seeing myself move them.” [Pauses 
go sec.] “I think I have an image of the finished figure.” 
[He draws] 
[Pauses 30 sec.] “What troubles me is 
to get the lines there by two moves.” 
[Studies 150 sec.] “I have it,—another 
line below in the original visual form. 
This was slow to come in, although I 
attended strenuously to the first drawing 
above, trying to make it clearer in visual imagery, and to see another 
line in it, which I might place vertically above in the center of the 
final drawing.” 
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First recall, showing the failure to recall steps of reasoning given 
in Ex. 2. 

Ex. 12. Obs. Ck. [Continuation of Ex. 4.] “In this visual image 
there were one or two lighter lines fleeting down below somewhere. 
To interpret, the fact that they were lighter seems to indicate that 
they do not belong there permanently. The dim gray lines tended to 
move into the black ones and stay there. This seems to represent 
the problem and the solution.” [Pauses 84 sec.] “My first thought 
was to move these two lines up here (copying my visual image from 
above). My act of solving consisted in moving the lower line vis- 
ually, and that leaves six immediately. Another scrap of memory is 
that the two lines, after being moved, stand end to end. This came 
in first as a visual image.” [Pause 35 sec.] “Can it be possible to 
divide the circles into four groups of four each? I have been trying 
to imagine lines to do it, and to see if they looked natural that way. 
I did this in three or four ways very quickly. All I am clear about 
is that one or both of the two center dots is to be counted with some 
others,—a remnant of the first definite visual image and an imaging 
of how I can make it conform. I am surest of the general longness 
of the group. I cannot get any other familiarity clue. Each construc- 
tion looks as unfamiliar as any other, so I do not know which, if 
any, is correct. I could reconstruct the problem by making groups 
of six, six, and four, and taking the smallest number of moves neces- 
sary to make this number. From the memory image of the two ver- 
tical lines in the center above -as the final solution, and the lower 
group of six, I get the original form; and I assume (visual image) 
that I got one of the vertical lines from below. That makes it six, 
six, and four... .” 


We may call this last example an act of reasoning from 
a basis of two definite memory images to the formulation 
and solution of the problem. But these steps are not the 
ones which she took during the first solution (Ex. 2, p. 47). 
Several other clear cases of reasoning occurred only in the 
recall of this problem, and these consisted in filling in similar 
gaps between the bits of definite recall. 

Recognition often resulted when the gaps were properly 
filled, as the following example shows. 


Ex. 13. Obs. M. [After drawing the final and the original forms 
as he had constructed them by filling in the gaps between his memory 
images, the following introspection was given.] “The two circles were 
shut off in the center, I remember visually. I think that we were to 
change two lines so that six circles were inclosed in every pen. The 
most clear is the group which I draw here. I read out of my diagram 
that there were groups of eight, six, and two at the beginning. The 
first six is remembered in the form of the visual image of the group. 
The clearest part of my remembrance of the original presentation of 
the problem i is the diagram, and it is not yet definite nor certain. The 

‘two moves’ was auditory as if I heard you reading it.12 


12“T have not now been able to recall the words visually.” [It is 
interesting to note that the statement of this problem had been read 
to the observer for the first solving.] 
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“After I had completed the figure I tried to prove it to see if two 
moves were necessary. It does not work. I see I have eight lines 
in the first, and nine in the last drawing. I have not thought which 
lines of the original figure were moved to make the final form. The 
figures were separate visual recalls and not related to each other as 
they would be if the one were formed from the other by the shifting 
of two lines. Now I have the impulse to insert a line into the center 
group between the two circles. Oh, no. There it is vertically at the 
bottom” [dividing the group of six into two groups of three each]. 
bey ? very convincing, and is verified by the image I now clearly 


The above examples show that the recall of this problem 
has been a keenly active process, and that there was much 
searching and striving to recover the problem and its solu- 
tion. As was stated earlier, the observers employed much 
imagery in recall that was of a constructive sort, in order 
to see if any familiarity would attach to these created images 
that might aid in recall. Many observers found this pro- 
cedure very profitable, and every one used it to some extent. 

Every observer busied himself unintentionally first of all 
with the recall of the solution; and in every case, the first 
definite thing to appear was the visual image of the drawing, 
or a part of it, that they had made in their solution. The 
visual image alone constituted the structure of this recall. 
Rather surprisingly, this visual image, in almost every case, 
was recognized as the solution, from its being seen in one’s 
own handwriting, on the page at the end of a number of 
vague drawings (unsuccessful attempts at solution), some- 
times from seeing one’s self leave the room, or just getting 
the solution as the time was up, from its familiar toning, 
from one’s feeling of satisfaction, or from a relaxation of 
attention that occurred with the appearance of this image of 
the solution. When this point had definitely been settled, the 
procedure tended toward the recall of the original figure. 
Seldom was this attained by pure recall, but most often by 
a process of constructing from the recalled images. Every 
observer proceeded in a direction opposite to that which he 
had followed in solving, the recall terminating at the point 
where the solving had taken its start. 

Certain individual variations have been mentioned in the 
discussion of this problem but they are not of sufficient im- 
portance to merit further treatment here. 

2. The Block T, and the Ring Problems. (See p. 39, for 
the statement of these two problems, both of which are 
mechanical puzzles; and see p. 47, for the statement of the 
method of solving.) 


i 
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After an interval of a month or so, the recall showed the 
following main points. An assembled T, approximately the 
size of the original was clearly recalled, then the lines uniting 
its parts appeared slowly,—all in visual imagery. These 
images did not become clear however until after the attention 
had fastened upon the right-angle at the juncture of the 
stem and the crosspiece. This angle was recalled as the jog 
in the end of the large piece, whose location in the T had 
been difficult to discover, but, when once found, made the 
assembling a very simple and easy matter. The lines were 
then seen very clearly in the visual image. The word “ bias,” 
which carried the meaning of the crux of the problem for 
one observer, was recalled first (visual image) by him. An- 
other recalled the diagonal lines, which meant for him that 
they were the essentials of the problem. Never were the pieces 
severally recalled, in definite form, previous to the appear- 
ance of the image of the assembled T. Five of the eighteen 
observers, who had recalled the essential features of the 
problem, were unable to recall or to re-construct the pieces 
of the T. Nearly all did more or less constructing by many 
trials to complete a definite recall of the forms of the pieces. 
This mode of procedure is well illustrated by the following 
example. 


Ex. 14. Obs. Bk. (“Recall the first problem you solved.”) [10 
sec.] “I just saw a visual image of the constructed T, at first. 
Then I saw two straight lines running from north-east to south-west, 
and diagonally across the T. I have a distinct visual memory that 
the notch is in the center piece. On second thought this seems to be 
incorrect; I do not quite remember the right shape. I have nothing 
to verify it by. I feel pretty sure that in general it is correct. My 
process of doubting the correctness of this center piece consists 
simply in looking at it and in feeling an unsettledness and uncertainty. 
I try to call up the image of the original, but it does not come. I 
remember (motor imagery) trying to get them to fit together. I also 
have visual images of gray pieces.” [He drew the constructed T, 
looked at it, and changed it, making it wider in the stem.] 


The main point of interest in the ‘ring problem’ consists 
in the fact that every observer first recalled the principal 
characteristics of the ring and the disc, and then the twist 
that released the ring from the center hole, all in visual 
imagery. One might suppose that the twist, the motor act 
which brought the solution, would be recalled by means of a 
motor image; but in the case of half of our observers the 
motor image did not appear in recall; and in the case of 
those observers for whom it did appear, it did not make its 
appearance until after the visual image of the act had become 
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clearly established. No tactual images were aroused although, 
like the following problem, it appealed to the tactual sense. 

Though all the observers had worked with the holes that 
are half way through the disc, only two now remembered 
that they existed; and this only after all the other char- 
acteristics had been recalled. The effort to take the ring 
off the edge, although it involved a definite motor sensa- 
tion, was invariably remembered in the form of a visual 
image of the act of twisting the ring and the feeling of dis- 
appointment at the failure. The situation, the room and the 
surroundings were most clearly recalled. 

3. Problem 4. The Touch Problem. (See p. 39 for the 
statement of this problem.) 

In the recall, the first definite remembrance was a visual 
image of the sheet of paper held up against the forehead ; 
then there appeared tactual images of the earlier experience 
during the solving. This tactual imagery was so vague that 
it was not employed in definitizing and furthering the 
recall of the problem nor had it been so employed in the 
earlier experience. Visual images of the dots and lines as 
the observer had drawn them on his paper during the ex- 
perience came clearly to consciousness immediately after- 
wards. Then the crux of the problem,—the existence of the 
two points of view,—was recalled in visual imagery. Note 
the two illustrations below,—Exs. 15 and 16. 

The accuracy of the perception of the direction and dis- 
tance of one dot from another by the tactual sense proved 
to be far inferior to that of the visual sense; and after five 
minutes those tactual impressions which had not been trans- 
posed into visual imagery and not written down were in- 
capable of being revived. 

Ex. 15. Obs. Wh. (“Recall the problem of touch.) [60 sec.] 
“T had begun to visualize even before you got through speaking, and 
my attention was concentrated upon this alone. Then I repeated 
‘touch’ again; strain in my forehead, and immediately had a visual 
image of the paper on my forehead, and tactual imagery of the day’s 
experience. I knew it was the problem. Definite reconstruction of 
the presentation,—pressure images akin to your first day’s presentation 


13T had a definite set in consciousness to act quickly. This con- 
sisted partly in auditory images of your voice, and in repeating the 
word ‘touch’ to myself, hearing your words again, seeing myself stand- 
ing over an iron puzzle of yours [number 4] then the actual tactual 
perception of the counters of your ‘lozenge’ problem [number 8]. 
That is a touch problem, but not the problem you want.” [The above 
illustrates the series of irrelevant images that often precede the recall. 
The remainder of the introspection exemplifies the points cited in the 
discussion. ] 
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came. Then I visualized the drawings I had made, and saw myself 
making them.1* . . . I saw an image of the inverted Z that I had 
drawn because I had not perceived the direction in the first experi- 
ment. Experienced again the complex situation. I imagined myself 
drawing in both directions,—to the left, and to the right. Only now 
when I have a visual image of myself putting the paper up to my 
forehead do I visualize the stimulus as it would appear from your 
point of view. I could not recall it without imaging the whole 
situation.” 

Ex. 16. Obs. G. (“Recall the touch problem”) [11 sec.]. “ Noth- 
ing in consciousness at first except the auditory image of the word 
‘touch. . . . Then a visual image of you putting a paper on my 
forehead, a flash, no readiness, no leading up to it. A visual image 
of my forehead. Then you put lines in a certain order, and had me 
draw lines that corresponded to those you had drawn,—vague, visual 
images of what I drew.” 


4. Problems 5 and 6. Memorization. (For the state- 
ment of these problems see pp. 39 and 40.) 

Problems 5 and 6 were presented with a view to bring 
out individual differences between the various observers in 
that the memorizing of the numbers would here permit the 
more abundant use of vocal motor imagery than others of 
our problems; thus the niemory of an individual who is 
inclined to use the vocal motor in preference to other kinds 
of imagery, could be compared with his memory for those 
problems which do not admit of so ready a use of vocal 
motor imagery. The recalls showed that no one made ex- 
clusive use of vocal motor imagery in his revival of the 
problem ; nor were these problems remembered more perma- 
nently than any others. 

A secondary interest in these two problems has been to 
see whether the perception of relation would be recalled 
apart from the numbers between which the relation obtains. 
Each problem was recalled three times,—at the end of one 
minute of memorizing, one half hour later, and again one 
month after memorizing. (During the half-hour interval the 
observer was strenuously employed throughout the thirty 
minutes in solving other non-related problems.) In not a 


14 Attention turned back to forehead. Auditory image of your voice 
saying ‘reproduce.’ Saw you taking paper away, not letting me see 
what you had written on your paper against my forehead. The actual 
images are not plain. The dots, etc., are indefinite.” [Pauses 35 sec.] 
“T have a visual image of the crescent, the Z, the triangle, etc., that 
you drew on my forehead as I drew them on the paper. I had an 
auditory image of the noise and of the punching of the pen through 
the paper.” [Pauses 31 sec.] “Now there came and surprised me, 
a mass of imagery rich in meaning, which aroused much pleasantness. 
I was amused when I saw through it, and reflected that I could not 
get it right the moment before. 
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single instance during the first two recalls did the remem- 
brance of the relations come to consciousness before the re- 
membrance of the numbers themselves. In other words, the 
terms were remembered as unrelated data at a stage before the 
relations came to consciousness. However, the successive 
appearance of two numbers that had been consciously related 
was a common occurrence. For instance, in problem 6 the 
solution involved a consciousness of the fact that 10 is twice 
as great as 5. In the recall of this problem after half an 
hour, three consecutive stages were clearly differentiated: 
(1) a consciousness of a concrete, unrelated 5, succeeded 
almost immediately by (2) a consciousness of a concrete 
unrelated 10; (3) and not until the third stage was the 
observer aware of the relation, namely the fact that 10 is 
twice 5; and in certain instances the third stage was wholly 
absent. But in recalling after an interval of a month, the 
revival of the fact that certain relations had been perceived 
was first to appear after the visual schema, and while attend- 
ing to this fact the observer recalled the numbers. How- 
ever, unrelated numbers were also correctly recalled in numer- 
ous instances. The following group of typical examples 
illustrate, first, the introspective report of the perception; 
second, the report of the first recall after half an hour; and 
third, the report of the recall after one month. 

Ex. 17. Obs. Fs. [Introspection upon the act of memorizing prob- 
lem 6.] “When I picked up the diagram I Icoked first at 12, then at 
27, and found that 27 was not twice 12. I abandoned that and glanced 
around in search of a number which would be twice 12. An ‘Aufgabe’ 
to hurry, present only in the tendency to look at certain figures quickly. 
I chose 7 and glanced through to see if there was a number that was 
twice 7, but I did not get through the whole list. I selected another 
hurriedly. Not a systematic finishing out of the procedure which as 
far as it went was somewhat systematic. Not aware of having known 
definitely what I was looking for, it. e., I did not say, ‘7’ and ‘14,’ 
and look for 14, etc. I said ‘5’ and then glanced through. My glance 
happened to fall on 10, and I said, ‘Two times five are ten.’ The 
procedure adopted then consisted in glancing through to find numbers 
that were multiples of three. I hit upon 18 then upon 21 with 7, 
and finally upon 48. I glanced across at 12, having remembered that 
it was there. It is interesting to note that I glanced across instead 
po aati 12. No other numbers contained three so I repeated the 
others. .-. 

Ex. 18. Obs. Fs. (“Recall what you did half an hour ago.”)15 
“First thing was a visual spatial schema localized down here, repre- 
senting the general outline of the problem. Immediately attention 


15 This, of course, refers to the problem of memorizing. The ex- 
perimenter deliberately presented his instructions in this vague form 
in order that the clue to recall should be as indefinite as possible. 
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seemed to turn to this side of the schema; I can not now say whether I 
visualized the figure and schema simultaneously, or the figure first. 
I wrote 27 on my paper, but there was a period of deliberation as to 
whether 27 or 12 belonged there, both being present in vocal-motor 
terms, as though I were speaking the words ‘twenty-seven, and 
‘twelve’ with an inflection of questioning. A definitely localized 19 
occurred to me in visual terms, accompanied by vocal-motor; and 
without hesitation I then wrote 27 and 12 in this form. Then ‘three’ 
came and remained as vocal-motor setting in consciousness; a slight 
tension which did not relax until I had written all the three, 27, 
12, and 19. When I set 18 down below, it seemed as though it 
might belong over above. I thought they belonged approximately 
in the same line. That is present to consciousness simply as an act of 
setting it down. The next that came were the 16 and the 5. Then 
came 8 and 7, and I hesitatingly set them down with question marks. 
Then came the 10 localized down below. . . .” [The 5 and the 10 
were recalled separately and their relation was not recalled.] 


Ex. 19. Obs. Fs. [Second recall, after an interval of one month.] 
(“Recall the problem of memorizing.”) [43 sec.] “At first there 
was a period of blankness; I was aware of nothing but you and the 
words you had just spoken, the latter in auditory imagery. Then 
there came a visual image of a sheet of paper. My attention was 
primarily directed to the numbers written on it in a vague elliptical 
shape. I remembered my general method of procedure: reading the 
numbers hastily without any plan, then catching myself up in the 
middle and looking for associations, looking at different numbers, 
bearing one in mind and glancing over the rest to see if any relations 
could be found. This remembrance consists in visual imagery of 
glancing at numbers. The auditory imagery (own voice) of the word 
‘divisible’ appeared just now, which meant that I was looking for 
one number that was exactly divisible by another. ‘Then 18 came; it 
was visualized | down there. Aware that ‘18’ is a multiple of 
6,—‘6 times 3’ (vocal-motor images with dwelling on 6, which I 
interpret as an awareness that I used 6, in some way connected with 

[The 18 is correct, but the attaching of the multiple ‘three’ 
. a to form 18 is incorrect. Note that after the 7 was recalled below, 
the idea of the multiple three was employed, which finally led to the 
recall of 21. The 19 came to consciousness unrelated.] Visual image 
of 7; then said to myself ‘6 times 3, 6 times 7, 6 times 7, 7 times 3,’ 
which latter gives 21, and this I accepted as correct. A visual image 
of 19 appeared, then . . 


From the above examples we see the same general prin- 
ciples that have appeared in all the problems so far treated 
even though this is a problem in memorization. The visual 
image is the first definite factor in recall, and is used very 
freely throughout the process. The recall progresses, by 
means of a multitude of trial images, from the vague visual 
image noted above through greater definiteness and detail 
until the whole problem is reinstated. 

5. Problem 7. The Addition Problem. (See page 40 for 
the statement of this problem.) 

For ease of orientation this problem may be introduced 
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by referring back to problem 1. Here also the presentation 
consisted, in part, in a visual structure; but in the former 
instance, the general form was that of a square, in the latter, 
an equilateral triangle. Although in this latter problem, the 
fact that the numbers appeared in a triangular form had 
no particular significance, since any other arrangement would 
have served equally well, yet every observer reproduced a 
visual schema, in the initial act of his recall. This schema, 
for all but two observers, consisted of a visual image of vague 
numbers arranged correctly in the form of an equilateral tri- 
angle. This image was clearly recognized as the form which 
had been observed in the solving; and although the problem 
could not now be formulated, yet this vague, schematic, visual 
image signified to every observer that he was in the act of 
recalling the addition problem. 

The two observers, who failed to recall this triangular form 
of the group of numbers, recalled it as a square which served 
as the basis of their further recall, and which fulfilled for 
them in every way the same function as did the triangular 
form for the other observers. 

This problem was more difficult to recall than those just 
described. It will be noted that the experimenter’s cue con- 
tained no suggestion of the visual structure of the presenta- 
tion; and if we may infer that it is necessary first to regain 
this form (from the fact that every observer recalled the 
visual schema before proceeding further with the recall), we 
may offer the explanation that this relatively retarded repro- 
duction was due to the fact that our cue was only slightly 
suggestive. Several observers were not able to proceed from 
the first cue,—‘ the addition problem;’ in such cases, after 
several minutes of non-productive search we gave a second 
cue: ‘“ You were to select certain of the numbers which 
when added gave the sum required.” 

In the case of two observers, a third cue was necessary: 
‘A sum was to be found from a group of numbers.’ This 
aroused a schematic visual image of the form of the group 
of figures, and a recognition of the fact that at last a recall 
had been begun. It was one of these observers who recalled 
the group of figures as being in the form of a square. Sev- 
eral illustrations showing the general trend of recall are here 
given. 

Ex. 20. Obs. Fr. (“Recall the addition problem.”) [50 sec.] “First 
there came a visual image of a triangular group of numbers, some 
of which contained two digits, and others one; no part of the visual 
image was clear. Then ‘Find three that make the sum fifty’ came 
in vocal-motor imagery. . . .” 
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Ex. 21. Obs. Y. (“Recall the addition problem.”) [64 sec.] - 
cannot recall a thing. I believe that I never had that problem.” 
(“You were to pick out certain numbers which, when added, gave 
you the sum required.”) [The observer repeated these words twice 
and then said:] “I had a vague, triangular, visual schema; a group 
of numbers came, but I could not read any of them. Then I recalled 
myself sitting here selecting three of them or trying to select the 
proper three. This was mostly visual, too vague to be sure about 
the three. Now it comes again more clearly, the numbers ‘to,’ ‘12,’ 
another ‘5.’ Tried many times to make a sum of 25 from three 
numbers; I got it and went out glad. I see myself leaving the room 
as if it were only half an hour ago. . . .” 

Ex. 22. Obs. G. [41 sec.Ji® . . . “Now I have a visual image 
of a triangle of numbers. I now see also faintly the words ‘ Three 
numbers that make 25’; also some vague motor imagery of picking 
out three numbers and of running my pencil around over the group. 
as be one number and added two others to it; I see myself as I 

id this. ... 


In the last two examples it is to be noted that the number 
recalled as the sum to be found was 25 instead of the correct 
number, 50. This same substitution occurred in the case of 
three other observers. It may have been due to the fact that 
in the search for the sum 50, 25 was the first to be tried as 
one of the numbers that make the sum. A 15 was also seen 
and then a 10 was looked for, to complete the total sum of 
50. No 10 was to be found in the group, so both the 25 
and the 15 were abandoned. When at last the 19 and the 6 
were selected and added, giving a sum of 25, the problem 
was practically solved, for the observers remembered visually 
that the group contained a 25 at the left; they did not need 
to turn the eye to it, nor to add it in to form the sum 50. 
That the 25 was there was sufficient for these four observers ; 
and 25, instead of 50, had become the goal. The fact that 
the number 25 was ideated both at an earlier and at a later 
stage as the sum of the 19 and the 6, proved to be so im- 
pressive that, in the recall, 25, instead of 50 was taken to 
be the goal of the problem and the sum to be found. 

Three other observers pursued the same general route; but 
they again found the 25 and added the three numbers, mak- 
ing 50, the sum required. It is to be noted, in contrast to 
the recall by the four observers who did not complete the 
sum 50, that these three recalled the 50. Two observers 
found the 25 and the 6,—which gave a total of 31,—and then 


16 “At first I was conscious only of your words, ‘addition prob- 
lem’ in auditory imagery; then a visual image of 152, 3, then a column 
of figures, but these were imagined, not remembered. I remembered 
that the sum of certain numbers should be 40, but was aware that 
this was another problem.” 
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found the 19; but they did not add the three numbers after 
the 19 was found. Consequently, for these two observers 
the first number to appear in recall, two months later, was a 
visual image of 19. From this they proceeded to the recall 
of the visual image of a typewritten 50, as presented to them 
in the original statement of the problem. One observer, who 
carelessly found the correct three numbers that made a 
sum of 50 by simply choosing the numbers and not adding 
them to see whether they made the required sum, failed to 
recall a single factor in the problem except the triangular 
shape. He recalled the numbers 100 and 55 of another prob- 
lem as belonging to this one. When told he was wrong, he 
immediately recalled 25 as one of the numbers employed to 
form the sum (in definite visual and vocal motor imagery). 

From these facts we may conclude that the goal or final 
step taken in the solving is most likely to be recalled first, 
and that this may then be transposed to stand for the state- 
ment of the problem. 

To continue our comparison of the recall of this problem 
with that of the ‘dot problem,’ we may state that not only 
did the general form (visual schema) appear first and seem 
to be most important because it constituted the starting-point 
of both problems, but also that many trial images which had 
been employed during the first solving of both were never 
recalled. The first trial image which had been employed 
during the original sitting in the search for the solution was 
frequently recalled, but practically no other members of the 
original series. The contents that were most subject to recall 
were the visual form of the group, the successful trials, and 
the relative spatial position of the numbers employed in these 
trials. 

For seven of our ten observers, the relative positions of 
the three numbers in the visual schema were more definite 
in recall than were the numbers themselves. Even before 
the numbers appeared, the observer clearly recalled the fact 
that the largest of the three had been the last used in form- 
ing the sum. When the numbers cleared up they were all 
in their proper places. The act of recalling them was very 
similar to a difficult visual observation where a searching or 
a peering into a dimly lighted region brings indistinct objects 
more clearly into view. 

In their search for the proper numbers, several observers 
began systematically with the top figure of the schema and 
combined every possible pair of numbers with it to see if 
they yielded the desired sum. Then the number next to it 
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was treated with every other two, and so on, until the solu- 
tion was reached. It was found that all observers remem- 
bered this procedure very clearly, in terms of motor or visual 
imagery ; but the numbers themselves were not recalled until 
later. One observer, instead of searching for three numbers 
whose sum is 50, adopted the more rapid. method of finding 
three numbers the sum of whose right-hand digits is a mul- 
tiple of 10. This method yielded four combinations of num- 
bers whose sums ended in zeros; but each of the first three 
combinations gave a sum of 60. The fact that this method 
had been employed was remembered in the subsequent recall, 
but with certain errors of detail_—a 5 was substituted for 
the zero at the right. 

One might, of course, expect that in arousing a series of 
trial images in recall a process of reasoning would be em- 
ployed. As for example, when one number is relatively stable 
in imagery, the other two which are brought up as trials 
shall complete the sum 50. This is shown very clearly in 
the following examples. 

Ex. 23. Obs. F. [18 sec.] “At the outset I was conscious of 
nothing but the pyramid which was present as a vague visual image. 
Then came 19, and I immediately saw that 31 must be added to it 
to make 50.” . . . “It seems that I was to find three numbers whose 


sum is 50. I recall the act of searching for three numbers in the 
group,—a partly motor and partly visual consciousness.’ 

Ex. 24. Obs. W. “. . . . I had a 25 and a 10, in auditory, vocal- 
motor, and visual imagery, then a vocal-motor 15; 9 was localized 
visually near the bottom and to the left. Here I supplied a 6, in 
auditory imagery, and tried to localize it visually above and to the 
left of the 9.17 [“ The 9, in fact, was a part of the 19 of the number 
employed in forming the sum during the solving. The 6 visualized 
above and to the left had also been employed in the original solving. 
In an effort to form the 25 as the sum to be found, the observer in 
recall employed the trial images 8 and 7 but they did not persist. 
Later on the observer found the correct three numbers that form 
the sum.] 


We find that all ten observers reproduced the visual form 
of the arrangement of the numbers, which grew clearer with 
the lapse of time during the act of recall. For five observers 
the position of the three chosen numbers then appeared, and 
later, some of the other numbers, especially the three that 
made a total of 50. Four observers recalled the appropriate 


17 These come again and again but with only a moderate degree 
of certainty; 8 and 7 come in but they do not persist and I am much 
less certain about them. I was in doubt as to whether 25 or 50 was 
to be the sum. This, I believe, was due to the fact that visual images 
of both of these numbers appeared, and attention shifted from one 
to the other, several times; this has left me in a state of doubt. . . .” 
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numbers correctly,—25, 19, 6; and four recalled the 3 which 
had occupied a conspicuous position at the apex of the tri- 
angular group of numbers. Three others spontaneously re- 
produced the 19 without recognizing that it was being 
recalled; two reproduced the 6, and two the 25 in a similar 
manner. Every observer when urged by the experimenter 
to guess or create if necessary in order to complete the 
formulation of the problem (which by the way demands a 
consciousness of the solution), correctly reproduced the three 
numbers which in the original formulation make the required 
sum; but they also reproduced more than half of the other 
numbers in the group. These facts are interesting in that 
they exemplify so clearly the predisposition, of the individual 
to follow a beaten path although he is confident meanwhile 
that he has struck out upon a new path, ie., he feels that 
he is ‘guessing’ and creating a wholly novel product. In 
many instances, however, certain of these imagined numbers 
seem to become endowed with a slight feeling of familiarity, 
and they then seem to the observer to be correct remem- 
brances. 

In the recall of this problem, the trial procedure proved 
to be the most efficient method. The observer who evokes 
many visual, vocal motor, or auditory images, and who then 
proceeds to test them is most successful in attaining a com- 
plete and accurate recall. 

6. Problem 10. The Weight Problem. (For a statement 
of this problem see page 41.) 

This problem, like problems 1, 4 and 7, will be treated in 
detail. Those lying near it in the series are so similar to 
it that they need not be discussed separately. For example, 
problem 8 bears a close resemblance to this one, both in its 
complexity of statement and in the number of short-cuts that 
may be employed. Problems 9, 11, 12, 13, 14, and 15 are 
all concerned with concrete materials. Since they draw upon 
various kinds of experience one would expect that certain 
observers would react more promptly to one problem than 
to another, inasmuch as their past experiences differ. How- 
ever the following description of procedure with the weight 
problem is typical of more than a dozen of our problems. 

In order to show the detailed nature of the recall we intro- 
duce here a few facts of the first solving,—the facts that are 
to be recalled. Seven observers failed to perceive that this 
problem really hinges upon the question as to what sort of 
weighing apparatus was to be employed. They simply pro- 
ceeded to divide and to sub-divide the weight,—assuming that 
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an ordinary balance was to be employed. The other two 
observers promptly responded that to balance any number of 
pounds from 1 to 40 would require an infinite number of 
weights. This is correct, unless we consider that “ any num- 
ber of pounds from 1 to 40” refers to integral numbers alone. 
These two observers were instructed to restrict their inter- 
pretation of the problem to whole numbers of pounds, and to 
proceed with the solving on that basis. In their subsequent 
recall they both failed to remember that they had had any 
difficulty with this point. 

Every observer reported as his first solution, forty one- 
pound pieces. In only one instance, however, did this tenta- 
tive solution appear in any way in the recall; and for this 
observer it was simply a bit of relatively non-significant 
imagery in the course of his interpretation. Five observers 
saw the necessity of adopting a certain kind of scale for 
weighing, in that each had a visual image of a balance, with 
its weights; and it seemed to them to be the only possible 
means of solving the problem.** These images of the weights 
for the balance were of appropriate sizes—each one of a 
lower denomination being just half the size of that of the 
denomination next above it, except in the case of the three 
weights below five grams which are two, two and one.’® This 


envisagement led these five observers to consciously imitate 


18 No one reasoned far enough to see that one weight is sufficient 
to conform to the conditions of the problem. That is, if we conceive 
a balance-arm on which this weight may be shifted so that it is at 
any distance from the fulcrum, any weight up to forty pounds can 
be weighed with the undivided forty-pound weight. 

19 A frequent error in solving was that instead of correctly dividing 
the forty pound weight, first into two twenties, then one of the 
twenties into two tens, then one ten into two fives, and finally one 
five into two twos and a one-pound weight, the observer divided the 
last five-pound weight into a three, a two and a one. This error oc- 
curred in the case of seven of our ten observers, each of whom cor- 
rected it, however, during the solving. It reappeared for five ob- 
servers, two of whom recalled that this had been an error in the 
act of solving, while the other three traveled the old route, made 
the error, then corrected it, but failed to recall that they had made 
this error before. We might infer from this result that the probability 
of the recurrence of this error was very great as compared with other 
errors. Or we might with greater assurance infer that the appear- 
ance of this error in the recall in many of our cases was due to the 
fact that the reappearance possessed rather the character of re-solving 
than of pure recall. The lighter weights could be either two ones 
and a three-pound, or one one-pound and two two-pounds. Nine 
observers employed the latter division; only one used the former, in 
his solution of the problem. Every observer in his recall revived 
the grouping he had formerly employed. 
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this method of division, and it possibly influenced the other 
three, who did not have the envisagement clearly in mind, 
to use this method. These envisagements were in every case 
vividly recalled. 

Five observers instead of dividing the weight into halves, 
quarters, eighths, etc., began to build up the numbers from 
the one-pound weight that was first seen to be necessary, then 
to adopt a two-pound (which, combined with the one-pound 
weight, would weigh three pounds) ; then to choose a four- 
pound weight (which, combined with the one- and the two- 
pound weights, would weigh any integral number of pounds 
up to eight pounds), and then to choose an _ eight-pound 
weight, etc. They did not at first attend to the fact that 
the sum of their weights must equal forty pounds since that 
is the weight which is to be divided; but they finally cor- 
rected the error. These five observers recalled their method 
in the visual images of the figures which they had written on 
the paper, such as 1, 2, 4, 8, etc., as is shown by examples 
25, and 28, pp. 67 and 68. 

In the procedure of the five observers just described the 
process of adding weights of one or two pounds to obtain 
weights of greater magnitude was carried on until ten was 
reached. Then they saw that since by means of the one-, 
two- and four-pound weights, any number of pounds could 
be weighed from one to seven inclusive, and since with the 
eight-pound weight any number of pounds up to eight plus 
seven could be weighed, they need not count out the par- 
ticular weights that are necessary to form each integral num- 
ber of pounds up to the point where all the weights are 
placed on the balance and the sum fifteen is found; but they 
saw at a glance that all up to sixteen pounds could be 
weighed, whereupon they chose sixteen pounds as the next 
heavier weight. Three of the five observers who generalized 
in this manner, recalled more or less accurately the group of 
numbers that they had found to be the weights desired ; and 
these visual images signified to them that they had begun 
with the one-pound and had tried each number of pounds, 
but in no case were these trials recalled. We should here 
emphasize the fact that visual imagery constituted the struc- 
ture of a recall which served as a generalization. This has 
not been an uncommon occurrence in our results with other 
problems, as was pointed out earlier (p. 52). The few iso- 
lated images often signify a complete course of mental pro- 
cesses that had taken place during the solving. For illustra- 
tions of this, see examples 4, 11, and 12, also 25 given below. 
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Ex. 25. Obs. B. [Recall of the weight problem.] “. . . I had 
a visual image of my writing on paper, my former act of solving 
the problem. Then I saw a column of numbers,—t, 2, 3, 4 5, ete; 
then it occurred to me in vocal motor imagery, ‘T now remember 
what it was about.’ Then I set to work to solve it, choosing one 
pound, two pounds; did not need three because I already had one 
and two . . .2° Alway come back to the solving. Four pounds? 
Yes, I must take that. I do not need five, nor six, because I have 
four and two; do not need seven—four, two and one. Eight? I 
need eight, but do not need 10, nor any other up to 16... .” 

The above introspection indicates that a visual image in- 
formed the observer of his former method of solving, which, 
in turn evoked a remembrance of the statement of the prob- 
lem and a tendency to resolve it. It is to be noted that the 
‘short cut,’—the last step in the example given above,—was 
made in this recall after he had tested the numbers up to 
eight, while in the first solving he did not generalize until 
after he had tried every number up to twenty. This ‘ short 
cut’ in recall was not recognized as the same kind of step 
that had been discovered during the solving, as his further 
introspection shows. 

Ex. 26. Obs. B. “. . . As*I.looked over the paper at the sit- 
ting I found a short cut, which —e the process of solving it; 
but I can not find it now. 

The first factor to appear in the recall of this problem, 
was a visual image of the balance, of the weight (iron), or 
of the written solution of the problem. In one case the 
lump of coal (weight) that had been imaged in the solving 
was the first datum to reappear. Another observer recalled 
first the diagram that had stood for the solution; eight ob- 
servers reported that the visual image of the balance appeared 
first. These images of concrete objects, which the observers 
had employed during their solving of this problem, now signi- 
fied to them that they were on the right track, that they 
had begun to recall the desired problem. These images pos- 
sessed a definite meaning, which, when attention was directed 
to them, developed into, or initiated further processes. These 
processes were very similar to those that are illustrated in 
Exs. 5, 6, 7, 8, 9, in problem 1. This initial image was clear 
and stable from the outset; and this fact afforded a feeling 
of certainty that it was a recall, as is illustrated by the fol- 
lowing examples. 


20 At this point came a feeling of doubt. I wondered if I was 
limited in the number of parts or pieces into which the weight was 
to be divided. I believe that this consciousness consisted in vocal 
motor imagery of, ‘how many parts is the weight to be divided into?’ 
plus a feeling of ‘pleasantness. 
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Ex. 27. Obs. Fs. [20 sec.] “ At first there was an absolute blank; 
no trace of familiarity; then the word ‘divide’ vocal motor, and 
auditory imagery, occurred to me together with a visual image of a 
cylindrical mass of iron on this white sheet of paper. The cylinder 
seemed to fall apart into divisions,—20, 10, 5, etc., were present in 
visual figures. That seemed to involve a consciousness that the 
weight had been divided into parts,—the latter coming with a good 
deal of conviction. The essence of that consists in the clearness 
with which that image appeared—the whole image was somewhat 
reduced in size. I was aware of your sitting here, and remembered 
the awareness of the former situation. Those features were very 
clear in connection with the certainty that I had begun to recall the 
correct problem.” 


Ex. 28. Obs. Wh. [5 sec.] “ The main points in the problem 
came out immediately. The word ‘weight’ appeared in terms of 
a visual image, exactly the same as I saw at the first sitting. There 
were the weights used on the scales at home. Recurrences of the 
visual images I had at the time when I was solving this problem?.?1 
I had visual images of the paper I had used in the solution which 
meant to me that I had been given the problem to divide the weights 
into one-pound weights, to produce forty one-pound weights.” 


The following introspections illustrate the extreme activity 
which sometimes characterizes the act of recall. 


Ex. 29. Obs. B. (“Recall the weight problem.”) [4 sec.] “ Far- 
mer and hogs?” (“Introspect.”) “ Visual image of typically dressed 
English farmer driving pigs down the road; then a visual image 4 
a typewritten sheet of paper, but could not quite read it. Then, 
vocal motor imagery, ‘If the hog had weighed twice as much,’ fa 
peated several times, but got no farther.” [Here, B had evidently 
been recalling the hog problem.] (“A certain weight to be broken 
up.”) [3 sec.] “Oh, yes. Visual image immediately of a set of 
weights, for a chemical balance, fitted in a block of wood, silver 
white, of different sizes. Saw distinctly at last. Then it occurred 
to me that some object had to be weighed; and that the weights were 
not of the right size to do the weighing. Even then I was in doubt 
about details. I think the problem was to take a certain amount of 
material and weigh it in lots of uniform weight. The structure of 
this consciousness was a visual image of a druggist who was in the 
act of weighing, putting up powders in papers, all of equal weight. 
A feeling of pleasantness and satisfaction that I had succeeded in 
recalling it. Then I felt that it was another problem I found in 
the last week. A Bewusstseinslage of despair. Had an image of a 
mass of something that looked like stone, to be weighed, but that 
flitted past. Then I saw a chemist behind a counter weighing some- 
thing. The chemical balances were on the counter. This train of 
images was fleeting and vague. A aie. as of groping for more 
images to help me solve the problem. 


21 Saw the weight cut up into different pieces, —cut up into differ- 
ent bundles. Visual image of the word “cut” and a visual image of 
the figure “40.” Then I had a visual image of the problem typewritten 
on a sheet of paper. Then I saw this much of the statement of the 
problem “cut up the weights into 40 different pieces,” but I did not 
get any farther. 


4 
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Ex. 30. Obs. R. [3 min.] “I imaged a lump broken into pieces 
as the other day, then a vocal motor image of ‘forty-pound lump.’ 
I almost said ‘coal,’ but realized it was not coal. The forty pounds 
to be broken into such pieces that . . . I can’t get it. I had a 
feeling that it was right so far. Rather believe that I failed to solve 
this problem. This I infer from the feeling of vagueness.” [Thinks 
2 minutes.] ‘“ Many irrelevant images appear; I visualized a pair 
of scales, visualized ‘5 to 1, ‘3 to 5,’ ‘8 to 5,’ ‘4,’ ‘3,’ ‘2,’ etc. 
meanwhile looking for something which might seem familiar. ‘ Broken 
into such parts’ came vocal motor. I saw several persons. ‘John 
and Henry’ might be given parts. All discarded, not familiar 
enough. . . . I believe that the problem dealt with an arithmetical 
progression, which came in the form of a visual image,—a series of 
digits dimly visualized, ‘2, 3, 4, 5, 6,’ etc.” [He had actually set 
down these figures during the solving.] 


C. Main Points and Generalizations from the Recalls of 
all the Problems. 

The question which has concerned us in this investigation 
may be stated most comprehensively as follows: What mental 
processes recur in the recall of problems that have been solved 
but once? We shall here treat these factors separately as 
nearly as possible in the order of their appearance in the 
act of recall; and we shall also indicate the relative signifi- 
cance of each of these factors for the act of recall. 


1. Time Required, and Cues Necessary to evoke Recall. 
The time necessary for the initial act of recall varied widely 
for different observers, from almost immediacy to several 
minutes. If, after an interval of a few minutes, the observer 
had not obtained even a feeling of familiarity with the object 
to be recalled, he was given a more specific cue, after which, 
if still unsuccessful in evoking recall or indications of it, a 
second cue was presented. In general, those problems which 
had furnished the more abundant and the more vivid experi- 
ences during solving were most readily recalled. The vivid- 
ness of an experience during the solving may be dependent 
upon the novelty of the problem, and novelty may therefore 
be the main cause of ease and rapidity in recall. For ex- 
ample, the ‘box problem’ was a very ordinary, ‘ every-day ’ 
problem, and it was very slowly recalled by every observer ; 
but the ‘spider problem,’ which dealt with a strikingly novel 
situation, was recalled with great rapidity. Those problems 
in which a physical object, a picture, or a diagram was either 
presented or imaged, were most easily revived. Problems 
of the opposite nature such as those of ‘ war,’ ‘ propositions,’ 
‘linnets,’ and ‘cramming’ were always slow to be recalled; 
and they always needed many cues to start the recall. In 
only eleven cases was it necessary to re-present the whole 
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problem before the observer was able to begin. In such cases 
he recalled very little of the procedure which he had adopted 
during the solving. In fact, in several of these cases, the 
route which had been followed in solving was pursued in the 
act of recalling but was not recognized. 

About half of our recalls were evoked by means of the gen- 
eral instructions: “ Recall the first problem you solved ;” 
“ Recall another of the problems solved early in our series,” 
etc. We had selected several stereotyped forms for present- 
ing our cues, from which we never departed. Half of these 
were of a concrete nature and half were abstract. We have 
made a census of the degree of success or failure which at- 
tended the use of each type of cue, and we find no essential 
difference of evocative value between the two. The abstract 
cue afforded the observer a wider range of materials to recall 
and hence our quantitative data are of little value. But we 
are able to state that the course of recall was very similar 
in the two cases, except that the abstract cue often aroused 
several trial images that varied widely, whereas the concrete 
cue often called forth trial images which varied within nar- 
rower bounds. An examination of the introspections which 
are cited above, shows the results which follow from the 
employment of various concrete and abstract cues. The em- 
ployment of a concrete cue should of course be compared 
with that of an abstract cue in the case of the same observer, 
as, for example, Exs. 16 and 31. 


2. Attitude and Procedure during Recall. In the initial 
stage of a recall, observers vary somewhat widely in their 
customary attitudes. One observer is very deliberate in his 
search for the parts of the experience he is attempting to 
recall. When an image appears, he attends to it very care- 
fully and is in no haste to arouse other images until he has 
examined this one in detail. During this act he usually dis- 
covers many associated images which are present in vague 
form. He attends to them in a calm and deliberate manner, 
proceeding in this fashion until finally he has recalled the 
desired experience. Other observers are very uneasy and 
struggle very impatiently for a few seconds when one or 
many images appear which arouse still greater excitement. 
Their goal is to evoke the problem in all its details at once; 
and it often happens that many of the images are passed 
over slightingly, which, if attended to more carefully, would 
undoubtedly establish a firmer route of recall. 

It is very interesting to note the many goals which the 
observer constructs for his procedure in the various recalls. 
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The deliberate observer mentioned above sets about very often 
to find a significance for a single unimpo;tant datum that 
appears, and in so doing wastes his time. The hurried ob- 
server is apt to rush on beyond some important images and 
lose himself in minor details, consequently is unable to formu- 
late the problem or its solution without reviewing and re- 
organizing his objects of recall. The following instances 
show typical attitudes during recall: Exs. 10, 14, 24, 
27, 30, 31. (Read in this connection the description of the 
ee of the appearance of the images of recall, 
p. 72. 

In most cases of recalling after a month’s interval there 
is first a period of searching which continues for only a few 
seconds, and is immediately followed by a more or less pro- 
fuse succession of images. When this second stage is reached 
the observer has usually ceased his search; images now flood 
in upon him. His attention is commanded by them, rather 
than they by his attention, as was the case in the first stage 
mentioned. Many deviations are found, but in a majority 
of cases the above two stages are present. 

3. The Structure of Recalled Experiences. a. Thé Feel- 
ing of Familiarity. As has been shown above in the state- 
ment of the results of the individual problems there some- 
times occurs a feeling of familiarity, a feeling that the earlier 
experience is just about to be revived. This is not an un- 
usual phenomenon in every-day life; its significance for recall 
seems to consist, for the most part, in the fact that it gives 
encouragement and incites one to grope and search for the 
datum which is almost within one’s reach. The number of 
attempts to recall, in which this feeling of familiarity pre- 
ceded, is relatively very small in our experiment. Exs. 3 
and 4 show the general characteristics of such an experience. 

b. The Image. In ninety-five per cent. of our recalls a 
visual image was the first definite factor to appear. This 
characteristic may be seen to be prominent by glancing over 
the introspections quoted above. It is surprising to discover 
that both the solving and the recalling of such a variety 
of problems is mediated by visual imagery. Although tactual, 
temperature, kinaesthetic, auditory and vocal motor iinages 
had been employed in the solving, many of the problems were 
recalled in terms of visual imagery, such as, images of one’s 
self writing, of sitting in a thoughtful posture, etc. (See 
Ex. 9, p. 51, Exs. 15, 16, pp 56f.) However, in the cases of 
those problems which had to do less with concrete objects 
than with turns of language or with hidden meanings or 
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sentiments, verbal imagery,—auditory, vocal motor, ana 
visual,—appeared more often than elsewhere. 


On account of lack of space we do net include a table showing 
quantitative data regarding the various kinds of imagery that appear 
in recall, for each of the three modes of initial presentation of the 
problems that we employed. This correlation is of little value, 
because in the solving of our problems the mental processes are far 
more numerous and more significant to the progress in the solution 
than is the mode of presentation. In only a third of the cases 
of recall did the observer evoke a remembrance of the mode of pres- 
entation, visual (print or script), or auditory; and this remembrance 
was usually the reappearance of a single word, or visual form, as 
e.g., the, auditory word ‘six,’ or the typewritten numbers 6, 6, 4, or 
the circles arranged in the form of a square, as in problem 1. 


c. Characteristics of the Appearance of the Images of 
Recall. In a great majority of the recalls, the images first 
appeared in a rather vague and schematic form, no matter 
to what modality they belonged. Tactual remembrances ap- 
peared in a series of not definitely localizable images of tact- 
ual impressions upon the forehead. The kinaesthetic imagery 
of moving the lines in the ‘dot problem’ (see Ex. 9, p. 51, 
and p. 56, the ‘ring problem’), never became clear and 
definite. Vocal-motor and auditory images often came in a 
vague and disconnected manner. Observer W, who reports 
more auditory memory than any other observer, often images 
words but these so indefinitely that for some time they can- 
not be spoken nor can their meaning be given. Many ex- 
amples of our recalls, which for want of space we cannot 
include here, show that although the images first appear very 
vaguely, they gradually develop, and become definite and 
meaningful. (See Exs. 22 and 25, pp. 61 and 67, Ex. 27, 
p. 68, etc.) 

The images that come readily and are clear at their first 
appearance are usually endowed with particular meaning. 
For example, when the observer without any other clue than 
“Recall another problem” had a clear visual image of a 
farmer driving hogs down a country road, or of a milkman 
with a number of milk cans, or of a schematic cross-section 
of the earth, he had at the same time a meaning for each. 
A farmer driving hogs has almost always been associated 
with going to market; this association was therefore imme- 
diately reinstated, and the image was endowed with mean- 
ing,—a problem about a farmer taking hogs to market. Then 
came the association (not a new one at all) that hogs had 
been sold, and that the problem had to do with the weight 
or the price. Now the two questions which are the most 
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usual ones in every sale of hogs are: What is their weight? 
and what is the price per pound? The word weight as it 
occurred in a visual, an auditory, or a vocal-motor image, 
or was actually spoken, was very familiar. He remembered 
that the problem was about weight; and, at this point, he 
saw his diagram or his algebraic solution that he had made 
during the solving; or the vocal-motor, auditory, or visual 
image “half” was recalled. The problem and its solution 
were now almost completely revived. A few other words or 
symbols appeared,—such as, ‘score,’ ‘7 score,’ ‘140,’ ‘ 280,’ 
or ‘half its weight,’—and these soon found their proper set- 
ting, and this completed the recall. Such an act of recall 
was often accomplished in a few seconds. In certain cases, 
however, the processes of recall continued for several minutes. 

A very clear example of growth in definiteness, in detail 
and in meaning is found in every observer’s recall of the 
‘density’ or ‘boat problem.’ When the cue “Recall the 
density problem ” was given, there appeared either the visual 
image of the boat (problem 22) that they had imaged in 
solving this problem, or a schematic visual image of a cross- 
section of the earth (problem 24). Whichever came was 
satisfactory and seemed to the observer to be appropriate. 
For instance, he visualized the boat passing from fresh to 
salt water, and rising just as it did in the initial apprehension 
of the problem. Several observers stated the problem at 
this point, by translating their visual imagery into words: 
‘If a boat passes from fresh to salt water, will it rise or 
sink in the water?’ But they did not rest here, for this 
statement seemed too simple when it had been expressed and 
completely envisaged. Immediately afterwards there ap- 
peared a visual image of the water-line, or a visual, auditory 
or vocal-motor image of the word ‘ water-line.’ This signi- 
fied that the problem had to do with the water-line; hence 
they stated the question in some such manner as this: ‘ Will 
the water-line rise or fall when a boat passes from fresh 
to salt water?’ Hereupon they visualized the two water- 
lines,—first, the line of intersection of the surface of the 
fresh water with the boat, and second, that of the boat with 
salt water. In these images they perceived the answer that 
‘The water-line falls.’ No one remembered the answer in a 
purely verbal form. They all recalled it in imagery of a 
concrete visual sort. Every observer first recalled the solu- 
tion of the previous day; six recalled no more; while four 
saw again the old predicament that had baffled them, the 
predicament that after they had attended to the visual image 
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of a fixed water-line painted on the hull, they conceived a 
second meaning of water-line,—the movable line of contact 
of the water upon the hull (a series of visual images of 
the boat showing the shifting line). This movable line they 
saw lower on the side of the boat with the rise of the boat; 
and if that be the correct meaning of water-line, then the 
answer is that the water-line falls. The meaning here was 
contained in the images. Without them there was no mean- 
ing; and beyond them and the context associated with them 
no observer could report any meaning. This whole experi- 
ence was as clearly a revival of the original perception as 
can be found. A typical example of the development of 
images and meaning is given below. 

Ex. 31. Obs. G. (“Recall the density problem.”) [14 sec] “I 

repeated the word; then had a visual image of an oil can and of 
the word oil, but ‘dismissed them. Then one of oil and water in 
the can. This was all over before I could shut them off. Then a 
vague visual image of a ship, on the ocean. Then a question, in 
vocal-motor terms: ‘Would it float higher on salt water than on 
fresh?’ A visual image of the ship rising as it went into salt water, 
I was then aware that I was recalling the right problem. . 
“I saw water-line on the ship going up with the ship. Then I saw 
the water-line going down while the ship rose. Here I had a faint 
auditory image of myself asking you, during the former sitting, 
‘What is meant by water-line—its definition?’ I now had a mean- 
ing of water-line, in visual imagery from the beginning. I saw first 
the ship going up and I just saw the line on the boat going up. 
Then I looked at the water-line going down, i. e., the contact of the 
surface of the water on the hull going down as the boat rose. This 
was the final meaning it seems; it remains stable.” 


The above introspection shows clearly the course of de- 
velopment from a vague schematic image to one which is 
rich in meaning; it illustrates the trial images which occur 
in the beginning before the accepted recalled image appeared ; 
and it shows that the meaning is bound up with or contained 
in the images. The permanence of attention upon the last- 
mentioned of the images signified its correctness. This is 
a typical example of the attitude of certainty which is induced 
by stability, by clearness of the image, or by lack of other 
images; this attitude is frequently allied with feelings of 
satisfaction, and the like. It is interesting to note that no 
characteristic difference exists between the certainty which 
occurs in recall and that which occurs in the first solving. 
(For illustrations of this see Exs. 10, 13, 14, 24, 27, 31.) 

As has been shown in Exs. 12, 15, 18, 24, 25, 30, 31, which 
are typical of the other problems, there has been much trial 
imagery. Many gaps have been filled in by a process which 


REMEMBRANCE OF PROBLEMS AND THEIR SOLUTIONS 75 


is in nature very similar to creative imagination. In accord- 
ance with our definition (p. 46), we have in many instances, 
called this process reasoning. The observer often infers that 
more of the problem is yet to be recalled, because the bits 
of experience that he has revived constitute neither a problem 
nor its solution; or because what he has recalled may appear 
to be much more simple than any other problem that he 
remembers. Consequently he constructs and fills in the parts 
necessary to formulate a probable problem. He often writes 
down this material so that he may test its familiarity to the 
eye; he may say it over to test it by the ear, or by its vocal- 
motor ‘ feel’ (the ‘ feeling’ of saying it). These aids often 
bring the recognition or rejection very soon; and in many 
instances they promote further recall. (See Exs. 12, 19, etc.; 
also see discussion, pp. 50 and 73.) 

Throughout the various problems that we have treated in 
more or less detail we have, here and there, seen examples 
of an abundance and even a ’ profusion of images (Exs. 6, 7, 
8, pp. 50f.; 12, p. 53; 15, p. 56; 22, p. 61; 24, p. 63). Often 
during a few seconds of recall, many more images had been 
present than could be stated. At times every observer ex- 
hibited this characteristic; however, it was more common 
for some than for others. It seemed to depend, in a great 
measure, upon the condition of the observer. One who is 
least likely to be excited under trying conditions and who 
always deliberates, seldom found so many rapidly fleeting 
images that he was unable to describe them. Several of our 
observers who are readily aroused or easily disturbed in 
ordinary activities often become overwhelmed with a multi- 
tude of fleeting images. These may be not only of one sen- 
sory modality but of several at the same time. Ex. 6, p. 50, 
Ex. 24, p. 63, Ex. 30, p. 69, as well as the following illustrate 
this point. 

Ex. 32. Obs. Hn. (‘Recall the ring problem.’) [22 sec.] “I 
had a clear visual image of the ring,—the motor twist of the solution, 


the methods of trying, etc.—all about equally vivid and simul- 
taneous.” 

Ex. 33. Obs. M. (“Recall the problem next in order.”) “I 
recall the whole experience, images of this room and of the general 
situation. It was a dark, warm and cloudy day and the hall leading 
to this room was dimly lighted. I saw the pieces of paper and my- 
self One, the diagrams. These came in exceedingly rapid suc- 
cession. 


If an Mision had remembered very little of an experi- 
ence, his recall was in most cases extremely slow and his 
images were faint and few. (Exs. 3 and 4.) This is in 
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contrast to the recall of an experience which had been almost 
entirely remembered, in which case the images were many, 
vivid, and stable, as Ex. 32 shows. 

Let us summarize here the essential characteristics of the 
recall. When one is able to recall a series of data which 
corroborate one another, feelings of familiarity, of certainty 
and of reality are aroused, although the images be in some 
cases fleeting and vague. The observer then ‘ knows that he 
knows.’ In other cases a few very vivid images also afford 
a high degree of certainty to the observer. Such images are 
recurrent or stable; and if they do not conflict with one an- 
other, they signify to the observer that his recall is correct. 
No single datum of recall is sufficient to enable an observer 
to say that a given mental experience is a recall. The series 
of corroborative images (or the context) which gives rise 
to feelings of familiarity, and the like, is the prime factor 
in distinguishing an experience as one of recall. 

d. Affective Processes. A number of our problems were 
worded in such a manner that the observer became suspicious 
of a ‘catch’ and attacked the solution only after a very 
careful reading. He often felt that he should be able to 
solve a problem creditably, yet he could not do so for some 
time. Consequently various ‘feelings’ of doubt, of uncer- 
tainty regarding his own ability to solve the problem, of 
chagrin and even of despair, arose before the dawn of suc- 
cessful operations. These were frequently followed by ‘ feel- 
ings’ of buoyancy, triumph and satisfaction. In only a 
very few instances did the observer, after a month or more, 
recall that any of these feelings had been present. Intensive 
feelings of chagrin, which had arisen when the observer was 
reproved for disobeying instructions, were never recalled even 
though the other components of the experience were readily 
reinstated. None of our three score recalls of affective 
processes were evoked except after or together with images 
of parts of the former experience. We infer that they are 
of relatively little moment in the act of recall. Ex. 21, p. 
61, and the following examples show the recall of affective 
processes connected with imagery. 


Ex. 34. Obs. Wid. (“Recall the second problem.) [This is the 
‘train problem.’ 25 sec.] “I believe that the cars and shunting 
came second. I had a visual image of a T, then the whole situation, 
where I sat, where you sat, how I solved the train problem, the 
diagram, all very vaguely. A real track was seen in visual imagery. 
As I described it, I became more certain that it was the next problem 
after the T; and there came a faint remembrance of the feeling of 
novelty that I had had at the time of solving.” 


> 


REMEMBRANCE OF PROBLEMS AND THEIR SOLUTIONS 77 


Ex. 35. Ck. [Recall of the Uncle and Nephew problem.] “. . 
I involuntarily began to reconstruct the scene and at the close of this 
visual recall of the room, the day, and the problem, I recalled the 
original satisfaction that had attended the solving. This clear, af- 
fective toning was a part of the recall of the earlier experience. 


For some observers various attitudes of helplessness, dis- 
couragement, and despair frequently arise during the initial 
stage of recall when the experience had been almost com- 
pletely forgotten. These are not common, nor is there any 
regularity in their appearance. 

e. The Recall of Processes of: Reasoning. ‘Short cuts’ 
during the solving were discovered by every observer, but 
they were seldom recalled. In introspection 25 the ‘ short 
cut’ which had been made during the solving was hit upon 
at an earlier stage in the re-solving; but it was not recognized 
as the step which had been taken during the initial solving. 
Ex. 12 and 13 also show that the processes which we term 
reasoning and which had been present during the solving 
were not recalled. The recall of ‘short cuts’ is best illus- 
trated in Ex. 28, and in the counter problem, number 8. 
Nearly every observer reported a visual remembrance of the 
act of moving a series of counters by means of a single move 
of the hand; but they counted it as many moves, because 


many counters had been included in the single movement. 
The visual image of the pile of counters, of the hand shifting 
them by a single movement, and of the numbers were the 
contents of this remembrance of the ‘ short cut.’ 


Resumé and Critique 


The eighteen individuals who served as observers were 
drawn from China, from Japan and from widely separated 
regions of the United States and Canada. The striking simi- 
larity in mental content and in mental procedure which our 
investigation has revealed can scarcely be referred to similari- 
ties of social or educational environment and training. Our 
results differ widely from those of the German and French 
investigators who report the discovery of non-imaginal ele- 
ments that stand alone in consciousness ; we have found that no 
datum was ever recalled without images. These images, how- 
ever, frequently embodied very intricate features. For ex- 
ample, the image of the weights which constituted the solu- 
tion in the weight problem, of the water-line in the schematic 
image of the side of the boat, which constituted the crux of 
problem 22, and of the path followed by the spider (problem 
12) were rich in meaning, and they furnished the most essen- 
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tial logical relations of these problems. Our results do not 
show a single remembrance of relations,—such as perpendicu- 
larity, contrast, proximity, etc..—except in connection with 
some sort of imagery, vague and schematic though it fre- 
quently was. 

Michotte and Ransy confined their investigation to the re- 
membrance of related words and phrases. Their observers 
did not report what relations had been perceived during the 
initial observation ; and consequently they could not guarantee 
the recall of any, although they reported the recall of many 
relations as non-imaginal elements in consciousness. The cue 
which these investigators employed to initiate the act of recall 
was one of the words of the pair between which the relation 
was supposed to have been perceived during the initial obser- 
vation; and for this reason it seems probable that the alleged 
recalls of relations were perceptions of relations within the 
perception or the conception of the stimulus-word which was 
given to evoke recall. Hence their findings do not seem to 
justify the statement that one may recall relations which are 
the sole content of consciousness, and which are, therefore, 
elemental in nature. If the observers had been asked to recall 
the whole experience without obtaining a single cue, un- 
doubtedly their report that recalled relations stand alone in 
consciousness or exist only in connection with imaginal com- 
ponents would have been more convincing. 

Biihler reports that his investigation also reveals the ex- 
istence of a consciousness of relation wherein no imaginal 
content is present. His investigation is clearly open to the 
same criticism that we have urged against the above investi- 
gation. Schwiete found that feelings of familiarity consti- 
tute the sole structure of certain concepts for some observers. 
But here again one has no guarantee that the concept which 
he is attempting to ideate is completely aroused apart from the 
perception of his stimulus-word. The feelings of familiarity 
that he found may be very like those that we have noted in 
the stage of recall which precedes the appearance of definite 
features. A second essential difference between Schwiete’s 
investigation and our own consists in the fact that his ma- 
terials were more abstract than ours, since he employed gen- 
eral ideas and relations that had been habitually perceived 
while those that we employed had been perceived only once 
or a few times at most; because of this fact one might expect 
that Schwiete’s method would arouse less concrete contents 
than our own experiments revealed. 

Several investigators have mentioned the predominance of 
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the visual image in recall; but none have found so high a per- 
centage of the components to be visual imagery as our results 
indicate. Our results also show that vague and schematic 
visual imagery is very frequent, especially during the earlier 
stage of the act of recall. The cause of this extreme fre- 
quency of visual imagery is not apparent from the present 
investigation; but it seems probable that the extreme un- 
familiarity and novelty of a majority of our problems was 
effective in producing this condition. Our procedure de- 
manded a very thorough ideation of the data of recall because 
our problems were rather complicated and involve very delicate 
shades of meaning; we may infer that this more complete 
ideation may account in part for the striking predominance 
of visual images in the present investigation. 


V. SUMMARY 


1. The act of voluntary recall is usually characterized by 
two stages. The initial stage consists of an Aufgabe to recall 
and an act of ‘searching.’ It may continue for only an 
instant or for several minutes. When the desired datum is 
readily recalled, the consciousness of activity may be of slight 
intensity; in extreme instances it is wholly absent. But in 
cases of difficult or hesitant recall, the act of searching may 
be conscious, voluntary and long-continued. ' During this 
initial stage the observer adopts either a relatively active atti- 
tude and procedure, which consists in a vigorous groping 
and an attentive searching for missing data, often calling up 
all sorts of images and reviewing them to determine whether 
or not they are the missing data or hoping that they may 
cause the arousal of the desired past experience, or a rela- 
tively passive attitude and procedure which consists in calmly, 
but expectantly awaiting the images of recall. Either pro- 
cedure may be carried through in an unsystematic fashion,— 
as a planless examination of images which are already present 
to consciousness, and an equally planless groping for images 
which seem to lie just beyond one’s reach; but in numerous 
instances, the observer proceeds in a deliberate, methodical 
and systematic fashion. Occasionally during the long con- 
tinued search, definite and intensive Bewusstseinslagen of 
satisfaction, buoyancy, doubt, helplessness, despair, or others, 
enter consciousness. Their arousal is apparently due to the 
state (psychical and physiological) of the observer. When 
he is especially active and free from fatigue despair never 
arises; but the opposite physical condition is almost sure to 
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give rise to feelings of both doubt and despair. None of 
these have been sufficiently regular or definite to guarantee 
our attaching any special significance to them. 

2. A second stage, is characterized by imagery of various 
sorts, present in more or less profusion and in greater or 
less degree of intensity, or vividness. In a majority of the 
cases, vague schematic images of general or total situations, 
are first to appear. Their meaning is vague and becomes 
clear only with their growth in definiteness. One part of the 
image clears up, then another. Other images reinforce these, 
until the initial experience may be reinstated in almost com- 
plete form. The fact that these images are stable or recur- 
rent, and the additional fact that they corroborate one another, 
though they may be incoherent and full of lacunae, arouse 
the ‘ feeling of familiarity’ and signify to the observer that 
his procedure is one of recall and not one of creative imag- 
ination. 

3. Our results show that the concrete objects or words of 
the initial perception, and the images employed during the 
act of solving problems are very much more likely to appear 
(in the form of images) in recall than are the ‘ short cuts ’ 
or processes of reasoning. The concrete images usher in 
meanings, and associations are made which then constitute 
the awareness of relation. The description of the imagery 
in the ‘hog problem’ (p. 72), and the Exs. 25 and 31 (pp. 
67 and 74), illustrate this dawn of meaning and awareness 
of relations. These latter are clearly recalled in terms of 
coherent imagery. In other words, content was readily re- 
called while act was almost never recalled. 

4. Very few of the unsuccessful trials in the solving are 
definitely recalled. The first unsuccessful trial that has been 
made is usually the only one ever recalled. This initial trial 
appears in about a third of the recalls ; but the observer seldom 
fails to recognize that it had previously been present to con- 
sciousness as an error. The remembrance of other errors 
is present in an extremely vague and schematic fashion, ¢.g., 
a visual image of splotches on the paper used in solving, etc. 

5. The cues of an abstract and those of a concrete nature 
lead to approximately the same results. 

6. Most observers tend to recall more data in visual imagery 
than was present in visual imagery during the solving. Some 
few observers show a slight tendency to recall in vocal- 
motor terms certain data which have been present during 
the initial experience in other modalities of sensory imagery. 
One observer employs in recall far more auditory imagery 
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than any other observer, and yet approximately only ten per 
cent. of her images during the act of solving are auditory. 

7. The problems that deal with logical fallacies, and senti- 
ments, are more frequently recalled in verbal imagery than 
are other problems. Here the verbal imagery constitutes about 
one-third of the content of recall; while in the recall of other 
problems, it constitutes less than one-tenth of the content. 

8. The problems which present most novel features to the 
observer, as for example, ‘the dot,’ ‘the spider,’ and ‘the 
density ’’ problems, are recalled most predominantly in visual 
imagery. 

g. The visual image is the strikingly dominant feature of 
recall. Feelings of familiarity and of satisfaction, pauses 
of attention and the like, are seldom recalled; they are never 
recalled except in connection with imagery. No recall of an 
affective state, of an attitude (Bewusstseinslage), of an 
Aufgabe, of steps in reasoning, or of a concept has been 
reported, except with images. From an actual count of fac- 
tors present in the recall of ten of our problems, we estimate 
that our investigation embraces approximately 200,000 images 
but only 100 other components; and these latter are for the 
most part of an affective character. Of all our introspective 
data, about ninety per cent. are visual images. 
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THE EFFECTS OF STRYCHNINE ON MENTAL AND 
MOTOR EFFICIENCY 


By A. T. PoFFENBERGER, Jr, Ph. D., Columbia University 
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I. INTRODUCTION 


The present investigation was undertaken to determine the 
effect of ordinary doses of strychnine, such as are used for 
therapeutic purposes, on mental and motor efficiency, and to 
provide material for a comparative study of the effects of 
strychnine and caffeine on these processes. With the latter 
purpose in view, the tests and their conditions were made 
comparable, as far as possible, with those used by Dr. Holling- 
worth in his recent study. Where changes were made they 
were to take advantage of the experience gained in the previous 
study, or were such as were made necessary by the smaller 
number of subjects. 

I am indebted to Professor H. A. Hare of Jefferson Medical 
College, Philadelphia and to Dr. W. H. McCastline of Colum- 
bia University for advice concerning dosage and administra- 
tion of strychnine; to Professors J. McK. Cattell and R. S. 
Woodworth for assistance in compiling results; to Dr. ‘H. L. 
Hollingworth of Columbia University who gave me the benefit 
of his experience in testing the action of drugs and who 
arranged the schedule of doses. I am especially grateful to 


1H. L. Hollingworth, The Influence of Caffeine on Mental and 
Motor Efficiency. Archives of Psychology, No. 22, 1912. 
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Miss Gladys Tallman, A. M., of Columbia University who 
acted as subject and experimenter throughout the whole series 
of experiments. 

a. Historical 


The effects of strychnine as they are described in works on 
pharmacology and therapeutics? are as follows: 

Small doses of strychnine improve the appetite and give a 
generally strong and hopeful feeling. With a full medicinal 
dose the respiration is quickened and deepened, the force of 
the pulse and the blood pressure are increased, but the tem- 
perature of the body is not changed except where poisonous 
doses are given. There is disagreement in regard to its effect 
on the pulse-rate. However Cushny says that the pulse-rate 
is reduced and the arterial tension increased. Strychnine exerts 
its greatest effect on the nervous system where its action is 
confined almost wholly to the centres in the cord and medulla, 
although the brain is also somewhat affected.* The field of 
its action is extended by most authors to include every region 
where simple reflexes may take place. The exact point of 
its action in the cord is not definitely settled. Some investigators 
say that it acts neither on the cells of the motor horn nor on 


Pansy Bartholow, Materia Medica and Therapeutics, New York, 
I 

G. F. Butler, A Textbook of Materia Medica, Pharmacology and 
Therapeutics, Phila. and London, 1910, 229 

A. R. Cushny, A Textbook of Pharmacology and Therapeutics, or 
The er of Drugs in Health and Disease, Phila. and New York, 
I 

H. A. Hare, A Textbook of Practical Therapeutics, Phila. and New 
York, 1912, 374 ff. 

S. O. L. Potter, Therapeutics, Materia Medica and Pharmacy, 
Phila., 1912, 351 ff. 

R. W Wilcox, Materia Medica, Pharmacy, Pharmacology and 
Therapeutics, Phila., 1904, 394 ff. 

H. C. Wood, Therapeutics: Its Principles and Practice, Phila. and 
London, 1902, 207 ff. 

3 Robert W. ae in “An Experimental Investigation of Strych- 
nine Poisoning,” (Jour. of Physiol., 1X, 1888, o9ff), performed experi- 
ments to determine why the effects of strychnine seemed to be local- 
ized in the cord, i.e., to determine whether the cord is more suscep- 
tible to a given amount of strychnine than the other organs of the 
body, or whether it has the power of selecting strychnine from the 
circulation. An elaborate series of experiments seemed to show 
that when frogs have been given poisonous doses of strychnine and 
then killed and their organs. examined, relatively more of the drug 
is found in the cord than in the brain or in any other organ of 
the body. He concluded that the cord has this power of attracting 
strychnine; but he did not reach any conclusion as to its relative 
susceptibility to the drug. 
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the synapses around the motor cells, but that its action con- 
sists in the lowered resistance in other synapses, thereby ex- 
tending the area of the action of the impulses. Others attribute 
to it an increase in the receptive activity of the sensory centers 
of the cord, and an increase in the conductive power of both 
motor and sensory nerves.* The action on the cerebrum is 
said to be very slight. Cases are cited in which fatal doses 
were taken and the intellect remained unclouded until death. 
There does not seem to be any direct action on the voluntary 
muscles, the increase of tone which results being due to an 
increase in the irritability of the centers in the cord. 

The physical symptoms with a full medicinal dose are slight 
shuddering, sense of constriction of the fauces and jaws, 
sudden pains like electric shocks passing through the limbs, 
startings of some of the voluntary muscles, dilated pupils, a 
meaningless smile, paleness of the face followed by flushing 
and increased warmth of the surface, and perspiration. Al- 
though hearing and smell are increased in acuteness, the 
greatest effect is noticed in the case of touch and vision. The 
field of vision is enlarged, especially for blue; and differences 
in colors can be recognised which ordinarily seem identical. 

The effects differ according to the method of administering 
the drug. Hypodermic injections are the most active, and the 
most rapid in their effects. Dissolving tablets under the tongue 
is probably next in efficiency, and gives results in fifteen to 
twenty minutes. Taking the strychnine into the stomach gives 
the most tardy results, on account of the slower rate of absorp- 
tion there. The absorption-time depends on the condition of 
the stomach, especially the presence of food. It requires from 
thirty to forty minutes to get results when the dose is taken 
into the stomach. 

The dose usually prescribed varies from 0.01 to 0.05 grain. 
In emergency 0.1 grain may be given. One-half grain is the 
smallest dose known to be fatal; but from 0.5 to 1.5 grains is 
considered by all authors to be fatal. Only a very slight degree 
of tolerance is developed for strychnine, even after very pro- 
longed administration. 

Cushny,® in comparing the effects of caffeine, atropine and 
strychnine, says that each one of the drugs affects the whole 


4The experimental work of Houghton and Muirhead, “A Contri- 
bution to the Study of Strychnine Tetanus,’ Medical News, LXVIL., 
1895, 612ff, indicates that strychnine acts somewhere between the 
—_ of the posterior root and the cells of the motor horn of the 
cord. 

5 A. R. Cushny, Pharmacology and Therapeutics, Phila. and N. Y., 
1910, 284-285. 
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nervous system but not equally. Strychnine affects the lower 
divisions, the spinal cord and medulla most strongly, showing 
itself in contractions or twitchings of isolated muscles ; caffeine 
affects the highest functions, the psychical, with little motor 
effect ; atropine holds a.middle position and affects chiefly the 
motor division of the brain and shows itself in excessive co- 
Ordinated movements, such as walking, talking, etc. 

There have been very few researches on the effects of 
strychnine which have any. direct relation to this experiment, 
and all of these consist of tests of fatigue by means of the 
ergograph. Rivers® mentions only three. Rossi,” working with 
the ergograph in tests lasting one hour, found a decided in- 
crease in the amount of work done, but there was no reaction 
at the end of the hour. Féré* also with the ergograph used 
subcutaneous injections of 8 milligrams of sulphate of strych- 
nine, five minutes before the test began. He found a decided 
increase in ‘work, followed by a fall below the normal. An 
initial decrease in the ergogram he explains as due to the effect 
of the injection process, and not to the drug. P. C. V. Jones® 
carried on a more extended, set of experiments on the effects 
of strychnine on the ergograph curve. The experiments cov- 
ered a period of fifteen days and were made up of six sets of 
six ergograms each. Some of the ergograms were made at 
half-hour intervals and others at hour intervals, so that the 
effect of the drug was followed in some cases for five and a 
half hours. The doses, taken by the mouth, were 4.2 milligrams 
of hydrochloride of strychnine (about one-fifteenth grain) dur- 
ing four days, and 1.8 milligrams, during four days, while on 
the remaining days the dose was made up of a mixture con- 
taining gentian, which could not be distinguished in taste from 
strychnine. With both doses there was considerable effect. 
The larger dose gave a rapid rise in the amount of work 
followed by a gradual fall; but the curve did not fall below 
the normal until the fifth and sixth, that is, the last two sets 
of ergograms. The curve for the smaller dose rose less rapidly 
and fell below the normal only during the last set. His general 
conclusion is that the effect of strychnine on the amount of 
work done with the ergograph is a decided increase followed 


6 W. H. R. Rivers, Influence of Alcohol and Other Drugs on Fatigue. 
London, 1908, 110-112. 

7™C. Rossi, Ricerche sperimentali sulla fatica dei 7 umani 
sotto, lazione dei veleni nervosi. Riv. sper. di. freniat., , 1894, 


442- 

8c. S. Féré, Travail et plaisir, Paris, 1904, 297. 

®P. C. Varrier-Jones, Effect of Strychnine on Muscular Work, 
Jour. of Physiol, XXXVI, 1907-8, 435-446. 
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by a decrease. He recognises the cumulative action of the 
drug, which shows itself in a general lowering of the curve 
in the second half of the experiment. One subject was used 
throughout the experiment. It is to be noted that Féré says 
the increase in the amount of work done is due to an increase 
in the number of contractions; also that Jones says that the 
increase is mainly due to this cause, and only slightly to an 
increase in the height of the contractions. He concludes thus :*° 
“ Strychnine acts essentially on the spinal cord and medulla; 
indeed it is remarkable that its action is so clearly defined on 
this tissue alone, for even in poisonous doses, it does not appear 
to affect the cerebrum or peripheral nervous structures. More- 
over we now know that the drug acts peripherally on the 
sensory or receptor cells, through which it may be regarded 
as producing a change whereby impulses can pass through 
more easily and, instead of being localized to a relatively few 
efferent nerves, may break down the resistance so as to spread 
to all efferent fibers supplied from the spinal cord. I conclude 
then that the effects described are produced by the action of 
strychnine in diminishing the resistance to afferent impulses 
on the sensory side of the cord. The after effect may be due 
either to a poisonous effect of the drug or to pure fatigue.” 


b. Conditions of the Experiment 


The experiments to be reported in this paper covered a 
period of 38 days, not including a practise period of 10 days 
by subjects A and B before the regular work began. During 
this practice period each test was performed 100 times by B 
and 35 times by A. As a result B had practically reached the 
limit of practice, while A had at least passed beyond the point 
of rapid fall in the practice curve. The other subjects had no 
special practice. Although Rivers, in describing the conditions 
of fatigue experiments, considers such preliminary practice 
unnecessary, in these tests where fatigue is not the principal 
problem considered, preliminary practice removes one com- 
plicating factor. 

The tests were conducted in a room in the Psychological 
Laboratory of Columbia University, free from disturbance. 
The subjects abstained from the use of tobacco, coffee, tea and 
cocoa during the experiment and for a period of two weeks 
before it began. They kept as regular hours of retiring and 
rising as their work permitted. Each kept a general health 
book in which daily records were made of the state of the 


10 Loc. cit., p. 446. 
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health, the amount of sleep and any introspections which might 
seem of value. The subjects knew the purpose of the investi- 
gation,—that it was to study the effects of strychnine on their 
ability in the various tests. However, none knew the arrange- 
ment of the doses, so that any effect of the interest in taking 
a capsule which might have strychnine in it would be as likely 
to occur on a control day as on a strychnine day. 

Seven subjects took part in the experiments; but in the 
main period covering thirty days, only two took part. A larger 
number was not available because the tests required such a 
large amount of the subjects’ time. But by taking advantage 
of the series of experiments conducted by Dr. Hollingworth, 
on The Influence of Caffeine on Mental and Motor Efficiency, 
these two subjects were made to give a wide range of data. 
In that experiment there were 16 subjects, 15 of them being 
divided into four squads. All of the squads took their 
tests at the same time, but the doses of caffeine were given 
at different times of the day, and on different days, while one 
squad received no caffeine, that is, received control doses. In 
this experiment the schedule of the strychnine doses was so 
arranged that they were taken at the time of day found to be 
most favorable in the caffeine tests, namely, mid-afternoon. 
In addition to this, the doses were given in such series that 
the various combinations obtained with the larger number of 
subjects were duplicated with the two subjects at different 
stages of the experiment. All of the subjects were familiar 
with psychological work. In those tests in which only two 
subjects took part, one acted as experimenter while the other 
was subject. This meant checking up errors in some of the 
tests and taking the time for each of the tests. No difficulties 
arose from this method; and it had the special advantage of 
making a third person to act as experimenter unnecessary. 

The strychnine was taken into the stomach in capsule form. 
Although there are objections to this method, in that the ab- 
sorption time in the stomach depends on several factors, it 
seemed preferable to hypodermic injections or to dissolving 
the strychnine in the mouth. The first method is unpleasant 
and brings such a prompt reaction to the drug, that its effects 
may be complicated with the effects produced by administer- 
ing the drug. Such disturbance was reported by Féré. The 
latter method is both unpleasant and offers the difficulty of 
providing a control tablet indistinguishable in taste from the 
strychnine. The control capsules contained milk sugar, and 
could not be distinguished in taste and appearance from the 
strychnine capsules. One capsule, either a control or a strych- 
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nine capsule, was taken each day. This ignorance of the na- 
ture of the dose reduces to a minimum the factors of sugges- 
tion, excitement and interest which might be present if the 
dose were known. The capsules were prepared by a reputable 
pharmacist and they were independently analyzed by the Co- 
lumbia College of Pharmacy. They were found to contain the 
full quantity of pure strychnine sulphate with the slight varia- 
tion common in such preparations, about 8 per cent. Doses 
of two sizes were given, one-thirtieth and one-twentieth of a 
grain. This was to determine the effects of different sized 
doses, and also to adjust the size of the dose to the body- 
weight of the subject. 

The investigation may be divided into three sections: Ex- 
periment A, consisting of the first 28 days with two subjects ; 
Experiment B, consisting of two days of intensive work of 
12 hours each, with tests at half hour intervals; Experiment 
C, with 7 subjects and consisting of two half-days of intensive 
work. These experiments will be treated in the following 
sections : 


II. Experiment A 


This section of the experiment consisted of a series of tests 
covering a period of 28 days, from February 6, to March 5, 
inclusive. On each day during this period, subject A went 
through the tests 4 times, at the following hours: 9.30 A. M., 
1.30, 3.30 and 5.30 p. M. Subject B had one additional test 
at 8.30 Pp. M. each day. A capsule was taken each day at 
2.45 P. M. This arrangement gave two tests before the dose 
and two after it should have become effective (three in the 
case of Subject B). Each test lasted about one half-hour, 
and in the interval the subjects were free to attend to their 
regular work. The schedule of doses differed for the two 
subjects and will be given in Table I. 

The first four days are recorded as control days for subject 
A.‘1 Strychnine days and control days then alternate until 
Feb. 17, when two control days come together. After this 
strychnine and control days again alternate until Mar. 1. For 
subject B, the two kinds of doses alternate during the first 
three weeks, with the result that until Feb. 17, the two sub- 
jects receive strychnine on alternate days, while from this date 
to Mar. 1 they receive it on the same day. Strychnine was 
then taken by both subjects for three successive days, Mar. 


11 The first two and the fourth day were intended to be control 
days for A, but the subject failed to take the capsule on the third 
day, which happened to be the first strychnine day. 
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I, 2, 3, followed by two control days, Mar. 4 and 5. This 
schedule was arranged by Dr. H. L. Hollingworth and was 
not disclosed to the subjects until the end of the experiment. 


TABLE I 
Schedule of Doses for Experiment A 
Subject A B Dose Subject A B Dose 
Feb. C C | 1/30gr. || Feb. 20..; C C | 1/20 gr. 
C Cc a... Cc 
C . § S 
H..| € S 25..| S 
© S | 1/20gr 27..| S 
3 Cc C Cc 
15..| C S Mar. 1..| S Ss 
18..| C & Cc 
19..; Ss §..1 Cc 


The first column in this table gives the date, the second and third 
columns describe the dose, and the fourth column shows the size of the 
dose. S stands for a strychnine day and C stands for a control day. 
For example, on Feb. 13, A had a control dose and B had a strychnine 
dose of 1/20 gr. 


During this section of the experiment, a capsule was taken 
each day at 2.45 P. M., two hours and three-quarters after 
lunch, when under ordinary circumstances the stomach would 
be empty. The fourth column of Table I shows the size of 
the dose, 1/30 grain during the first week, and 1/20 gr. during 
the remainder of the experiment. Thus there were two tests 
each day before the dose was taken and two after it should 
have become effective. (In the case of B there were 3 after 
the dose.) 

a. Description of the Tests 


Eight tests were used: the steadiness test, tapping test, 
and three-hole test as a measure of motor efficiency ; and the 
color-naming test, opposites test, addition test, cancellation test 
and multiplication test were used as a measure of mental 
efficiency. They are the same as the series given in the caffeine 
test except that the reaction experiment, the size-weight illusion 
test and the type-writing test are omitted as being the least 
satisfactory ; and the multiplication test was added in order 
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to give a test of higher mental ability than that afforded by 
the addition test. 

The steadiness test offers the task of holding a metal rod 
2.5 mm. in diameter in a hole 6 mm. in diameter for one 
minute. The subject stands with arms and body free from 
support during this test. Each contact of the rod with the 
sides of the hole is recorded on an electric counter. The test 
is intended to show the general stability of the nervous system. 
Since the body receives no lateral support, any tremor or 
twitching of the upper part of the body is likely to be recorded. 
The test is influenced by a great many uncontrollable factors ; 
but it ought to be of value where the influence of a drug on 
the nervous system is to be recorded, since any such effect 
would be expected to show itself in a loss of balance of the 
delicate muscles. The results of the test are given in the 
number of contacts made during one minute. 

The tapping test measures the time required for the subject 
to tap a metal plate with a metal rod 400 times. The number 
of contacts is measured by an electric counter, and the time 
taken in fifths of a second with a stop-watch. Since the speed 
of movement of a given set of muscles depends on the nervous 
discharge to those muscles, a drug which affects the resistance 
in the nerve centers ought to show its effects in the tapping 
test. And the most probable effect of such a drug is a change 
in resistance or conductivity of the nerve substance. 

The three-hole test affords a combined measure of accuracy 
and speed. It consists in inserting the metal rod in each of 
three holes in a metal plate, until 100 insertions have been 
recorded on the electric counter. The plate is tilted toward 
the subject at an angle of 45 degrees; and the holes are 
located at the corners of an equilateral triangle, about 8 cm. 
apart. During the test, the subject was seated before the 
apparatus, with the body unsupported by the table. This 
test requires considerably more muscular control and coérdina- 
tion than either of the former. The results show the number 
of seconds required to make the 100 insertions. 

The mental tests** consisted of a series of association tests, 


12 An experimental study of these tests is reported in Woodworth 
and Wells, Association Tests, Psychol. Rev., Mon. Sup., 1911, VIII, 
5. A discussion of the same tests and the motor tests, with reference 
to their use for purposes like the present one, will be found in 
Hollingworth’s, Influence of Caffeine on Mental and Motor Efficiency, 
Archives of Psychology, No. 22, 1912. 

The method of conducting the tests is that generally used; it follows 
quite closely the method described by Dr. Hollingworth, so that the 
procedure will not be given in detail here. 
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all of them common in psychological work. The simplest one 
is the color-naming test which measures the speed with which 
the subject can recognise and name the five most common 
colors, red, yellow, green, blue and black. These are arranged 
on a card in the form of a square, in which each color appears 
20 times. The time required to name the 100 colors was 
taken with the stop-watch; and this is the unit in which the 
results are reported. Four color-orders were obtained by 
turning the card around go degrees at each reading. On 
account of the long preliminary practice, the subjects were 
perfectly familiar with the colors and their names, so that 
the test measured the speed with which the name could be 
spoken when the color was seen, that is, the speed of the 
association process. The variation of the colors under differing 
light conditions made it necessary to conduct this test under 
electric light. As in all of the association tests, the responses 
were spoken; and the subject was made to correct his errors 
before continuing the test. 

The opposites test consisted in naming, as rapidly as pos- 
sible, the opposites of 50 adjectives, taken from the ‘ moderately 
difficult’ list of Professor Woodworth. These words were 
arranged in 10 chance orders; and the same list was repeated 
every two days. The test measured the speed of the asso- 
ciation process between two ideas, the subjects having become 
familiar with the words and their opposites during the pre- 
liminary practise period. The tables show the number of 
seconds required to name the 50 opposites. 

The calculation tests, addition and multiplication, afford a 
still more complicated association process, in that the mental 
operation is not so definitely predetermined. However, after 
these tests have been repeated a great number of times, they 
approach more and more the type of the opposites test, that is, 
the sight of the number calls up the answer directly. The 
addition test consisted in the addition of 17 to each of 50 
two-place numbers, ranging from 20 to 80, with the numbers 
ending in 0 omitted. Ten chance orders were prepared as in 
the opposites test, and the results are given in seconds. 

The multiplication test consisted in multiplying each of 25 
two-place numbers by 7. The same lists of numbers were 
used as in the addition test, except that only half of a list 
was given at one time. This provided 20 arrangements of the 
25 numbers, and the same list was repeated every four days. 

The cancellation test was used as a measure of the higher 
mental processes, such as attention, discrimination, etc. The 
cancellation blank consisted of 1,000 numbers, each of the 
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TABLE II 


EXPERIMENT A 


Averages and Differences for Each Test Period 


8 


mis 2332283233223 222 3 
Blon no HO OF CO AN ON OH COO COO OO On 
AS AGS HS HY NH OF OM OH HH AG 
[Re AHR TO AH AH DE TS ALY TH HN He AM 
MO MS AO HO AHR DO AY ON AN NGS OH AO 
| | | + | | | | + + 
AN RY BA AH AM MN NO TH At OO 
go ¥o gH BN So BO BS AO Go WO aH 
OF ¥O OO OH OH SE SN AS HS SF GN RY HY AG AW 
soi shi sei soi sel sei sol soi sei se) sal 
3s 
— a 
2 = o 


— 


EFFECTS OF STRYCHNINE 


TABLE II—(Continued) 


EXPERIMENT A 


Averages and Differences for Each Test Period 
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digits from 0 to 9 repeated 100 times. One-half of the blank 
was used in each test, and the results show the time required 
to cancel a given digit from this list. The difficulty of ac- 
counting for errors was avoided by informing the subject 
that he must cancel five digits in each line. On account of 
the difference in the legibility of the different digits, only 2, 
3 and 5 were used in the latter part of the work. These three 
have been found to be of about equal difficulty. 


b. Discussion of the Data 


The data of the entire Experiment A (with the exception 
of the 8.30 test period) are given in Table II. The first column 
in the table shows the name of the test, and the second column 
shows the subject. The rest of the table may be divided into 
two main parts, the first part containing the data for the 9.30 
and 1.30 test periods, that is, the two before the dose was 
taken; and the second part containing the 3.30 and 5.30 test 
periods, or those after the dose was taken.’* Since the 8.30 
test was given to only one subject, the data will be given in 
a separate table (III). The data for this test period show the 
same results as those in Table II. Under each of the four 
test periods, there are three columns marked C, Str. and Dif. 
In the columns marked C are the average times for every test 
at the given test period on control days throughout Experi- 
ment A; in the columns marked Sir. are the average times 
for every test at the given test period on strychnine days; and 
under Diff. will be found the difference in time between this 
control average and the strychnine average. The number of 
individual records making up these averages may be seen by 
referring to Table I, but it is approximately 15. In every case 
the control average is subtracted from the strychnine average, 
so that a minus sign means that a strychnine day was faster 
than the control day, that is, the average time required to per- 
form the test was shorter; while the plus sign means that the 
average time was longer on the strychnine day. All the figures 
represent time except in the steadiness test, where they repre- 
sent the number of contacts in a given time; and the minus 
sign means fewer contacts, or a better record on strychnine 
days. Below each average and each difference, its probable 
error (P.E.) is given. For example, in the opposites test, at 


18 The results from the 1/30 grain were so similar to those from 
the 1/20 grain that they have all been combined into the one average 
shown in the table; and to avoid complication the dose is marked 
1/20 throughout. Reference to Table I will show when the 1/30 
grain was taken. 
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the 9.30 period, subject A had an average time on control 
days of 38.4 seconds, with a P.E. of 1.3, and on strychnine 
days, an average of 37.3 seconds, with a P.E. of 1.0, and the 
strychnine average for this period is 1.1 seconds faster than 
the control average, with a P.E. of 1.6. 

Following the 1.30 test period there is a column marked 
Av. Diff. Before Dose, which shows the average of the two 
differences before the dose. Following the 5.30 test period, 
there is a column containing the average differences after the 
dose, obtained in the same way. 

Since the dose in every case was taken at 2.45 P. M., the 
first two tests of the day, 9.30 A. M. and 1.30 P. M., would be 
unaffected by it, so that even on strychnine days the first 
two tests were control tests. Therefore, there are not only 
full control days, but the first half of each strychnine day 
forms a control for that particular day. The value of this 
check is evident from the table which shows considerable varia- 
tion in the morning tests from day to day. If conditions were 
perfect, the difference between control days and strychnine 
days in the 9.30 and the 1.30 tests should be zero, or at least 
the difference should be equally divided between plus and 
minus differences, since the influence to be measured is not 
then effective.* However, as this difference does appear, it 
must be considered in calculating the difference between con- 
trol and strychnine days after the dose. Any difference which 
is to be attributed to the strychnine must be the amount beyond 
the difference occurring before the dose became effective. That 
is, a difference of two seconds in favor of the strychnine day 
at the 3.30 test period would be of no significance if there 
were also such a difference before the dose was taken. The 
last column in the table marked Diff. Due to Str., takes this 
factor into account, and shows the average difference between 
a control and a strychnine day after the dose, beyond the dif- 
ference occurring before the dose. The figures in this column 
are obtained by subtracting the average difference before the 
dose from that after the dose. As before, the minus sign 
means that the average of the strychnine days after the dose 
was faster than that of the control days. The whole process 


14A study of the data showed that the morning variations were 
not consistent enough to be the result of a dose of strychnine on the 
previous day. No reason is given for the fact that the first two 
tests of strychnine days are so often faster than the same tests on 
control days, as seen by the predominance of minus signs in these 
differences, But as most of the differences are within their P.E. 
the sign is of no importance. 
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Fic. 1 Fic. 2 
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Fic. 1—Curves showing daily records in the Color-Naming Test for 
Subject A. 


Fic. 2—Curves showing daily records in the Color-Naming Test for 
Subject B 
[Broken lines represent control days and solid lines represent 
strychnine days. The upper pair of curves represents tests before 
the dose and the lower pair those after the dose on control (broken) 
and strychnine (solid) days.] 
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by which this last column is derived may be expressed in the 
form of an equation, which may make the method clearer: 


3.30 (Str. —C) + 5.30 (Str.—C) 9.30 (Str. —C) +1.30 (Str. —C) 
2 


2 
= Diff. due to Str. 


The differences thus found are extremely small,—in 10 cases 
out of 16, one second or less. In three of the six cases where 
the difference is above 1 second (Cancellation, Tapping and 
Three-Hole) the signs are different for the two subjects. That 
is, the average strychnine time is shorter for the one subject 
and longer for the other. In the other three cases (Color- 
Naming, Addition and Steadiness), although the signs are 
alike for both subjects, the values for one subject in each case 
are below the probable error.** That is, in no two cases are 
the differences for the two subjects above the P.E. and of 
like sign. In the Color-Naming test for Subject A, the dif- 
ference due to strychnine is 2.1 seconds. This difference is 
beyond the probable error and is the most reliable of all those 
given in the table. ; 

Figs. 1 and 2 show graphically the daily records of subjects 
A and B respectively in the Color-Naming test. The curves 
of this test are selected as typical of all the others. The 
ordinates represent time in seconds, and the abscissas repre- 
sent the date of the test. Broken lines signify control days 
and solid lines signify strychnine days. In each case, the upper 
set of curves shows the average of the two tests before the 
dose on strychnine days (solid), and on control days (broken). 
The lower set of curves shows the average of the two tests 
after the dose on control days (broken), and on strychnine 
days (solid). Relative difference in the position of the solid 
line with reference to the broken line in the curves before and 
after the dose would be due to the drug. Neither pair of 
curves is significant taken alone, but only when the relative 
position of the solid line in the two cases is compared. For 
example, if the solid line in the lower set of curves lay entirely 
below the broken line and in the upper set intersected a 
number of times, it would indicate that the strychnine days 
were uniformly faster than control days. However, the criss- 


15 There is no well-known method available for finding the relia- 
bility of these final differences, as they are the differences between 
the sums of averages; and we cannot calculate the P.E. of the sums 
of two averages. However, inspection of the reliability of the 
averages makes it clear that the differences are, in most cases, not 
far enough above what we might expect by chance to interpret 
these final differences as the effect of strychnine. 
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crossing of the two lines before the dose and after the dose 
shows that there is no influence working only in the afternoon. 

Table III gives the data for the 8.30 test period in which 
B was the only subject. The probable errors are higher than 
for the other test periods, so that the final differences are less 
reliable. These data serve to corroborate the results shown 
in Table II. 

The conclusion to be drawn from Experiment A is that, 
for the two subjects tested, ordinary doses of strychnine, taken 
by the mouth, produce no effect measurable by the tests 
employed. 

TABLE III 
Averages and Differences for 8.30 Test Period 


(Only subject B took part in the 8.30 tests. The figures and signs 
have the same meaning as indicated for table II.) 


Test C. Sir. | Diff. Test C. Str. | Diff. 
OPPOSITES...| 29.2) 28.5) —O.7/| MULT....... 44.8) 41.6) —3.2 
0.4 0.4 0.6 1.4 0.9 1.7 

CoLor-NaM..| 36.3} 35.6) —0.7|| TAPPING..... 38.9} 38.7; —0.2 
0.5) 0.44 0.6 0.2 0.2 0.3 

CANCELL....} 41.5) 41.6) +0.1]| THREE-HOLE| 43.2) 44.6) +1.4 
1.3} 0.8) 1.5 0.3) 0.6 

ADDITION ...| 43.1] 42.9) STEADINEsSS 20.8) 22.4) +1.6 
‘2 2.8 0.9) 1.5) 1.7 


III. Exprertment B 
a. Procedure 


The second part of the investigation, to be known as Ex- 
periment B, was planned to give a more complete record of 
the action of strychnine, to discover any very transient stimu- 
lation which might have fallen between test periods in Ex- 
periment A, and to detect any decrease in efficiency below 
the normal which might follow as a secondary reaction upon 
an increase in efficiency. It consisted of a series of tests cov- 
ering two days in which the two subjects 4 and B took part. 
The same tests and the same technique were employed as 
in Experiment A. There were twenty-three tests each day, 
beginning at 8.30 a. M. and following at half hour intervals 
until 8.30 Pp. M., with the exception of the 11.30 and 6.30 
tests, which were omitted on account of lunch and dinner. As 
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each test period lasted nearly a half hour, there was prac- 
tically a continuous series of tests during the twelve hours. 
Each subject had one control day and one strychnine day. A 
capsule, either a control or strychnine capsule, was taken each 
day at 1.45 p. M. This arrangement gave I1 tests before the 
dose would become effective, and twelve during which the 
influence of the drug could be observed. A curve of efficiency 
for each day could thus be established before the capsule was 
taken, and the effects of the drug could be followed for six 
and one-half hours. 


b. Discussion of the Results 


The results of this experiment are given in Table IV. The 
general plan of the table is identical with that of Table II. The 
first column contains the name of the test, and the second 
designates the subject. The remainder of the table is divided 
into two parts, the first part including the 11 tests before the 
dose and the second part including the 12 tests after the dose. 
As the tests were given at half hour intervals, the number of 
the test and not its time is given at the top of the columns. 

The derivation of the figures in this table differs somewhat 
from that of Table II. Since there were only two whole days 
included in the experiment, there could be only two tests for 
each test period; and one of these would be on a strychnine 
day and the other on a control day. The figures in the table, 
then, show the difference between these two tests for a given 
test period, the control day being always subtracted from the 
strychnine day. Hence a minus sign indicates that the time 
on the strychnine day was shorter than on the control day. 
Just as in Experiment A, there will be a certain number of 
test periods even on a strychnine day, which will be unaffected 
by the dose, namely, the first 11, since the tests were made 
before the dose was taken. These 11 tests then serve as a 
measure of the normal performance of the day. If only chance 
factors entered, the difference between control and strychnine 
days in the first 11 tests should be zero or the plus and minus 
values should be equally divided. At any rate the differences 
after the dose must be interpreted with reference to these 
differences before the dose. Here it may be objected that 
these first 11 tests do not represent a normal performance for 
the day, since considerable variation may occur later in the 
day under ordinary conditions. Any constant variation with 
the time of day will be checked by the complete control day. 
The establishment of a norm for each day is intended to serve 
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as a check on extreme changes in health or general conditions, 
such as might conceivably occur from one day to another, and 
I think that it serves this purpose. 

Following the records of the first 11 test periods, the average 
of these differences is given in the column marked Av. Diff. 
Before Dose, and in the next column is the P.E. of this average 
difference. After test period No. 23, a similar column shows 
the average difference after the dose, with the P.E. of the 
average. The next to the last column in the table gives the 
results due to strychnine and represents the difference between 
the average difference before the dose and that after the dose. 
In this case the P.E. of the final value can be calculated and 
is given in the last column of the table. These figures corre- 
spond in meaning with the last column of Table II. 

Let us consider the data for the various tests in this table. 
In the Opposites test the differences for the two subjects are 
in opposite directions and neither is above its P.E. In 
the Color-Naming test the difference for A is one and one- 
half times the P.E., while for B the difference does not exceed 
the P.E. In the Cancellation test the differences are quite 
large and beyond their P.E., but for one subject the strych- 
nine day is faster and for the other it is slower. It is difficult 
to see how in a test like the Cancellation test strychnine should 
produce such opposite results in two individuals. I am inclined 
to attribute these large differences to some irregularity in 
method or material, especially since the differences were very 
small in Experiment A, and in the opposite direction in the 
case of each subject. There A’s strychnine time was slower 
and B’s faster. In the addition test A’s time is faster for the 
strychnine day by more than twice the P.E., while B’s time is 
less than the P.E. In Experiment A, the difference for A is 
much less and in the opposite direction, that is, while in Ex- 
periment B it is faster, in Experiment A it is slower. In no 
other case are the differences beyond their P.E., except in 
the Steadiness test for Subject B, where the strychnine record 
is considerably worse. However, in both experiments for 
both subjects the strychnine record is poorer, that is, there 
were more contacts, than in the control record. This is indi- 
cated by the positive signs, although the difference is small 
in all but the one case mentioned. These differences in the 
Steadiness test are the nearest approach to a difference which 
may be attributed to strychnine. 

An objection might be made to the method of treating the 
results of this experiment. If strychnine does cause an excita- 
tion followed by a depression, by simply grouping the tests 
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TABLE V 
Group Differences Between Strychnine and Control Days 
(The column marked Before Dose is the average of all the differences 
between strychnine and control days in all the 11 tests made before the 
dose was taken. They are the same as the figures in table IV marked 
Av. Diff. Before Dose. The 12 tests after the dose were divided into 
3 oo of 4 each and the average difference between strychnine and 
control days in these groups is shown in the last three columns of the 


table.) 
Before After Dose 
Subject Dose 

Group | Group | Group 
II III 
OPPOSITES....... A | Av. Diff....) —1.3 | —0.7 | —0.6 | —4.0 
0.6 0.9 0.8 1.4 
B | Av. Diff....| +1.8 | +3.0 | +2.3 | +2.1 
2 0.7 1.2 0.5 0.5 
CoLor-NAM...... A | Av. Diff....| —1.4 | +1.6 | —0.8 | —0.7 
0.6 2.7 0.7 0.9 
B | Av. Diff....| +2.0] +3.8 | +4.4] +0.2 
Os 0.8 1.6 
CANCELLATION...| A | Av. Diff....| —6.7] —1.1] +7.8] 41.5 
1.8 2.7 1.4 3.7 
B | Av. Diff....| —0.3 | +4.9 | +1.7 | —0.3 
ee 0.6 2.0 1.2 1.3 
ADDITION........ A | Av. Diff +2.0| —0.8 | —0.5 | —2.8 
P.E 1.2 1.2 1.6 
B Av. Diff +0.1} +0.5| +0.6}] +0.5 
_ | 0.4 0.9 0.6 1.9 
A | Av. Diff....| 0.0| —6.0] +5.9] +4.3 
1.5 4.1 2.2 2.4 
B Av. Diff... .| —2.3 | —1.8 | —1.5 | —1.0 
P.E. 1.1 1.0 2.1 1:3 
TAPPING.........} A Av. Diff....| —0.5 | —2.3 | +0.8 | —0.6 
| ee 0.9 0.7 0.5 1.0 
B Av. Diff....| +0.6 | +0.6} +0.1 | +0.8 
ee: 0.2 0.1 0.1 0.2 
THREE-HOLE..... A | Av. Diff....| —O.1 | +0.1 | —1.0 | —2.1 
0.5 1.2 0.7 
B | Av. Diff....| +2.4 | +1.9 | +3.7 | +2.2 
STEADINESS......| A | Av. Diff....| —4.0 | —3.8 | —2.0 | —4.8 
2.5 1.7 1.8 
B Av. Diff —0.5} +3.5] +0.5 | +7.3 
0.1 1.2 1.3 
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before the dose and those after the dose, the excitation and 
depression effects might be combined in the second group and 
neutralize each other. In order to show more clearly whether 
there is such a stimulation followed by a depression, the twelve 
test periods after the dose have been taken and divided into 
three groups of four test periods each. Group I, including 
the first four tests after the dose, represents from one-half 
to 2 hours after the dose; Group II, including the second 4 
test periods, represents from 2 to 4 hours after the dose; and 
Group III, including the last 4 test periods, represents from 
4 to 6 hours after the dose. By comparing each of these 
groups with the average before the dose, any progressive 
change in efficiency should appear. The data thus treated are 
given in Table V. The values with their P.E. under the first 
column are taken directly from Table IV. The values given 
under the different groups are derived as stated above. 

It is necessary, in determining the true strychnine effect 
from this table, to compare the values in each of the groups 
with that before the dose in each case, just as was explained 
in connection with Table IV. As it is rather difficult to do 
this by inspection and at the same time judge of the reliability 
of the differences, Table VI has been compiled to show these 
differences in each of the groups, after subtracting from each 
of them the value before the dose. In Table VI, then, only 
the three groups after the dose are represented, each figure 
being the difference between Before Dose and a given group 
after the dose. The reliability of each of these differences is 
indicated by the P.E. Table V might have been omitted except 
that it would be very difficult to understand the derivation 
of Table VI without first having seen Table V. 

Examination of this table shows that in the Opposites test 
no differences beyond the P.E. appear. In the Color-Naming 
test Subject A has no significant differences in the different 
groups, while B in the first two has differences about twice 
the P.E. This is just the reverse of Table IV, for there it 
was A who had the larger differences. In the Cancellation 
test the differences are still large but for subject B in Groups 
II and III are not much greater than the P.E. In the Addi- 
tion test we find the same condition as stated in connection 
with Table IV, that is, the difference is the reverse of that 
found in Experiment A. No other large differences are found 
except in the Steadiness test for B, and the same was noted 
in Table IV. The most important thing to be observed in 
this table is the relation among the three groups. Comparing 
Group II with Group I we find that in six cases the first 


28 


| 
| 
| 


EFFECTS OF STRYCHNINE 


105 


Values i the Three Groups After the Dose After pw Sesteanting from 


Them the Average Difference Before the 


(This table is obtained directly from table V by sut-~acting the aver- 
age difference before the dose from each of the three groups after the 
dose. It shows the effect of strychnine on each of the tests, the minus 

taking strychnin 


sign indicating a better record after e.) 
Test Subject Group II |Group III 
OPPOSITES........ A +0.7 —2.7 
1.0 1.5 
B +1.2 +0.5 +0.3 
1.4 0.9 0.9 
COLOR-NAM...... A +3.0 +0.6 +0.7 
2.8 0.9 1.1 
B +1.8 +2.4 —1.8 
0.9 1.2 1.6 
CANCELLATION A +5.6 | +14.5 +8.2 
3.2 2.3 4.1 
B +5.2 +2.0 0.0 
2.1 1.3 1.3 
ADDITION......... A —2.8 —2.5 —4.8 
1.6 1.7 2.0 
B +0.4 +0.5 +0.4 
1.0 0.7 1.9 
re A —6.0 +5.0 +4.0 
4.3 2.7 2.8 
B +0.5 +0.8 +1.3 
1.5 2.4 1.7 
TAPPING......... A —1.8 +1.3 —0.1 
1.1 1.0 1.3 
B 0.0 —0.5 +0.2 
0.2 0.2 0.3 
THREE-HOLE..... A +0.2 —0.9 —2.0 
1.3 1.3 0.9 
B —0.5 +1.3 —0.2 
1.1 0.8 1.1 
STEADINESS....... A +0.2 +2.0 —0.8 
2.6 1.9 2.0 
B +4.0 +1.0 +7.8 
1.2 1.3 1.2 


|| 
TABLE VI 
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3 3 ¢ 3 8 
Fic. 3—Curves showing the individual Records of Subject A in the i} 
Color-Naming test in the Two Days’ Intensive Experiment. 
Fic. 4—Curves showing the individual Records of Subject B in the 
Color-Naming test in the Two Days’ Intensive Experiment. 


(The broken lines represent the control day and the solid lines the [ 
strychnine days.) 
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group is faster than the second, in three cases there is no 
difference and in seven cases the first group is slower. Com- 
paring Group III with Group II we find that in eight cases 
the last group is faster, in one case there is no difference and 
in seven cases the last group is slower. Hence it is evident 
that there is no consistent difference among the three groups 
which would indicate an excitation followed by a depression 
as a result of the dose of strychnine. 

The Cancellation test still remains as one case in which 
large differences occur in both subjects. It is indeed diffi- 
cult to understand what function there is which should be 
so affected in this test and yet which is not included in the 
other tests. 

Figures 3 and 4 show graphically the individual records 
in the Color-Naming test for subjects A and B respectively. 
In each case the broken line represents the control day and the 
solid line the strychnine day. The ordinates show the time 
in seconds and the abscissas the number of the test period. 
The carat between period 10 and 11 shows the time at which 
the capsule was taken. The dose, however, would not be- 
come effective until after the eleventh test period. In Figure 
3, the curves for A intertwine throughout their course show- 
ing no effect from the strychnine. In Figure 4 which repre- 
sents Subject B, the strychnine curve rises above the control 
curve, representing graphically what was stated in connection 
with Table IV, that the strychnine time for B was slower than 
the control time. However, inspection of the curve shows 
that this rise commences several tests before the dose was 
taken, and hence it must be due to some other influence. This 
curve reminds us that all the differences appearing in the 
averages must not be interpreted as purely strychnine effect 
without constantly referring back to the original data. 

It was hoped that in this experiment a condition of fatigue 
might be reached before the dose was taken, so that the 
effect of strychnine upon a lowered efficiency might be ob- 
served. For the use of strychnine in medicine suggests that 
it is valuable in raising a lowered activity to its normal, where 
its influence would be more evident than in stimulating a 
normal activity to a higher efficiency. In the curves this 
fatigue would be indicated by a gradual rise of the curve until 
about the twelfth test period, where a more or less rapid fall 
would appear. Inspection of the curves however shows that 
fatigue was not produced by the first eleven test periods. 

This intensive study of two subjects supports the conclusion 
of Experiment A, that strychnine in therapeutic doses does 
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not produce a heightened efficiency in either the mental or 
motor functions tested, nor is there any depression noticeable 
within the time limits of the experiment. The apparent re- 
tardation in the Cancellation test occurring in the data of both 
subjects, and in the case of one subject in two of the other 
tests, is to be attributed to the influence of other factors rather 
than that of strychnine. 


IV. INTROSPECTIVE RECORDS 


The “ health book,” which each subject kept during Experi- 
ments A and B, contained the daily record of his condition 
with reference to the quality and quantity of sleep, headaches, 
unusual feelings and any introspections which he chose to 
record, such as suspicion of having taken strychnine on a 
certain day, and the like. These records show little that can 
be attributed to the action of the drug. 

Of seven nights in which sleep was reported poor by Sub- 
ject A, five followed strychnine days and two followed control 
days. This subject took a total of 13 doses of strychnine. 
Of five nights sleep reported below the average by Subject B, 
three followed strychnine days and two followed control days. 
This subject took a total of fifteen doses of strychnine. Of 
four headaches reported by A, two were in the afternoon of 
strychnine days and one in the morning following a strychnine 
day. Of two headaches reported by B both were in the 
afternoon of strychnine days. There were other isolated re- 
ports by both subjects concerning peculiar feelings, such as 
a queer feeling of contraction in the throat, peculiar feelings 
in the head such as tenderness, dizziness when the head was 
moved suddenly, feelings of uncertainty about one’s move- 
ments, feelings of faintness, sharp pains in the legs, difficulty 
in fixating the eyes, twitchings in different muscles, etc. But 
these symptoms did not occur consistently and in many cases 
they appeared only once or twice during the whole experiment. 

uring the two days’ intensive experiment, it is interesting 
to note that both subjects on their strychnine day reported 
extreme irritability increasing rapidly toward evening, slight 
headache, and general disgust with the experiment. On the 
control day, however, both subjects report just the opposite. 
Neither subject felt tired or irritable and each would have 
been willing to continue the tests over a longer period. At the 
close of the strychnine day the idea of doing one more test 
would have been painful. After the two days’ experiment was 
finished, each subject concluded that his strychnine day must 
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have been the one on which the work seemed easy and during 
which there was no fatigue or irritability. But the opposite 
was the case. 

No conclusions are to be drawn from these introspective 
reports except the negative one that the strychnine produced 
no marked effect on the character of sleep, nor any constant 
physical symptoms. In the two days’ intensive experiment 
the strong feelings of fatigue and general irritability accom- 
panying strychnine doses are to be noted. Probably the most 
significant point in these records is the lack of any disturb- 
ances of the general health, from whatever cause, which 
would complicate the results. 


V. EXPERIMENT C 
a. Description of Tests and Procedure 


In the investigation thus far described, two defects may be 
pointed out. First, it is not safe to draw conclusions from 
the records of only two subjects. For the persons chosen 
might be peculiar in that they were not susceptible to small 
doses of strychnine. However, it may be noted that the ex- 
perimental work that has been done with strychnine hereto- 
fore and whose results have not been questioned, has been 
done on only one or two subjects. Second, the test with 
which all previous work has been done, the fatigue test with 
the ergograph, was not incorporated as a check in the present 
experiment. 

Experiment C was devised as a check upon these two pos- 
sible defects. Seven subjects, to be known as A, B, C, D, E, 
F, and G, all graduate students in the Department of Psychol- 
ogy at Columbia University, took part. (Subjects A and B 
are the individuals who acted as subjects in Experiments 
A and B.) 

The experiment consisted of two half-days of 10 test periods 
each. The first test was given at I Pp. M. and the others fol- 
lowed at half hour intervals until 6 p. m. Each subject had 
one strychnine day and one control day, and the same methods 
were used in concealing the nature of the dose as in Experi- 
ment A. The capsule was given at 2.15 Pp. M., so that it would 
become effective before the 3 o’clock test period. Thus there 
were 4 test periods before the dose and 6 after the strychnine 
became effective. The subjects differ considerably in weight, 
so that it seemed advisable to give doses of 1/30 grain or 
1/20 grain, dividing the subjects into two classes, light and 
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heavy. The schedule of doses, showing the size of the dose 
and whether the strychnine day was the first or the second 
of the two, is given below. 


Subject Strychnine Day Dose 
A Ist 1/20 
B 2nd 1/20 
Cc Ist 1/30 
D Ist 1/20 
E 2nd 1/20 
F 2nd 1/20 
G 2nd 1/30 


None of the subjects except A and B had any special pre- 
liminary practice for this experiment. For this reason, the 
Color-Naming test and the Tapping test were selected from 
the list of mental and motor tests, since these are least affected 
by practice. These two tests were conducted exactly as in 
Experiments A and B. (Subjects A and B did not take part 
in these tests.) Besides these two tests three other measure- 
ments were made at each test period, the pulse rate, blood 
pressure and an ergogram. The pulse-rate was taken at the 
wrist by palpation and the figures in the table show the rate 
per minute. The blood pressure was measured with the Tycos 
Sphygmomanometer by the auscultatory method. Hence the 
results in the table are in terms of millimeters of mercury. 
The ergogram was made with the Cattell ergograph. In the 
ergograms made by previous experimenters, the Mosso ergo- 
graph or some modification of it has been used, in which a 
weight takes the place of the spring of the Cattell ergograph. 
With the weight type of apparatus, an ergogram consists of 
the total height the weight is lifted until it can no longer be 
moved. Such complete exhaustion with the spring type re- 
quires hours, so that some limit must be set in making ergo- 
grams at frequent intervals. In this case an ergogram con- 
sisted of 100 contractions of the index finger at the rate of 
2 per second. This rate of contraction was used to induce 
fatigue as rapidly as possible. But at this rate every subject 
could make at least 500 contractions, so that the records are 
not exactly comparable with the complete fatigue records of 
the other investigators. The ergograms were recorded on 
smoked paper and the height of each contraction measured. 
The figures in the table, being differences between control 
and strychnine days, are calculated from the total distance in 
millimeters that the finger moved in making each ergogram. 
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b. Discussion of Results 


The results of Experiment C are given in Tables VII, VIII, 
IX and X. As in Experiment B, the test periods are divided 
into two parts, those before the dose and those after the dose. 
The test periods after the dose are then further divided into 
two groups of three test periods each. Group I represents 
from one-half to 2 hours after the dose and Group II from 
2 to 4 hours after the dose. The figures are derived exactly 
as in Table V, that is, they are the average differences between 
the control and strychnine days for each test period. 


TABLE VII 
EXPERIMENT C 
Group Differences Between Strychnine and Control Days 


(The columns marked Before Dose contain the averages of the differ- 
ences between the strychnine and the control day, in the first four test 
periods. Group I includes the first three test periods after the dose and 
Group II the second three test periods after the dose.) 


CoLorR-NAMING TAPPING 
After Dose After Dose 

ject Se roup | Group SE TOU, 7 
I II I 
C | Av. Diff...... +8.2) +7.4] +6.5] +3.2) +0.7/ +4.1 
_ ee 2.5 3.2 0.9 1.2 0.8 2.6 
D | Av. Diff...... +5.1) +0.0] +1.3 |4+11.6 | +9.7| +5.2 
0.7 0.2 1.7 1.6 0.4 1.6 
E | Av. Diff...... +0.4, —5.0 | —1.6] +1.8] +3.5| 
Peisideonas 0.9 2.3 0.8 0.5 0.2 0.7 
F | Av. Diff...... —3.0) —2.3 | —6.1] —7.8 | —5.1 | —3.5 
PE.. : 1.7 1.2 0.5 0.8 0.6 2.3 
G | Av. Diff...... —8.8}) —6.9 | —1.5] —3.8 | —0.3 | +0.3 
i a 2.2 1.2 1.3 1.2 2.9 1.5 


Table VII gives the results in the Color-Naming and Tap- 
ping tests for the five subjects, C, D, E, F, and G. An in- 
spection of the data of the Color-Naming test shows that the 
effects of practice in these untrained subjects must be taken 
into account. The plus signs in the data of subjects C and D, 
who took strychnine on the first day, and the predominance 
of minus signs in the case of the other subjects indicates that 
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the subjects had a tendency to be faster on the second day 
than on the first. This practice effect cannot be eliminated 
in the individual cases, as the experiment was conducted, but 
by taking an average of all the subjects, including those that 
had strychnine on the first day and those that had it on the 
second day, the practice effect can be reduced. It cannot be 
completely eliminated because there were three subjects whose 
strychnine day was the second and two for whom it was the 
first day. Thus a tendency for the strychnine average to be 
faster could be attributed to this remaining practice effect. 
The averages so calculated in the Color-Naming test are: 


Before Dose After Dose 
Group I Group II 
+04 —1.4 —0.3 


And from these figures we can see that the first group after 
the dose was 1.8 seconds faster on the strychnine day and the 
second group 0.7 seconds faster. The probable errors for 
these figures are high. Comparing these values with those 
for the Color-Naming test in Experiment A, we find that 4 
was 2.1 seconds slower and B was 0.8 seconds slower on 
strychnine days. In Experiment B, Table III, the strychnine 
time is longer by about the same amount. Taking the indi- 
vidual records for Color-Naming in Table VII, we find that 
the values for C do not exceed the P.E. Subject D appar- 
ently increases in speed after the dose, but inspection of the 
original data shows that the seeming increase in speed after 
the dose is due to the high positive value before the dose, and 
this is due to the very long times of the first few tests on the 
first day. After these first few tests the times remain fairly 
regular. Instead of a marked increase of speed after the dose, 
the result is due to very slow speed in the beginning of the 
experiment from lack of practice. FE shows an increase in 
speed after the dose of 5.4 seconds; but the P.E. for Group 
I is high, so that the reliability of the difference is not great. 
The values for F and G are to be explained in the same man- 
ner. Especially in the case of G, there is a gradual increase 
in speed from 72.2 seconds in the first test to 53.2 seconds 
in the next to the last test. Since the strychnine day was the 
second one, that would account for the high negative value 
before the dose with the reduction in speed after the dose. 
When all these facts are considered, no strychnine effect is 
to be attributed to the figures. As this part of the experi- 
ment was intended merely as a check on the previous work, 
the averages given above, in which the practice effect is partly 
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eliminated, are of most importance. These averages show 
differences contrary to Experiments A and B and too small 
to be significant. 

The same conclusions must be drawn from the Tapping test 
records. If the values for the five subjects are averaged, we 
get the following values: 


Before Dose After Dose 
Group I Group II 
+1.0 +17 +18 


Here again the differences are small and the values for the 
two groups after the dose are practically the same. 


TABLE VIII 
EXPERIMENT C 


Differences in Pulse Rate and Blood Pressure Between Strychnine 
and Control Days 


(The test periods are grouped as in table VI. The figures represent 
the averages of the differences in pulse rate and blood pressure between 
the strychnine day and the control day. A minus sign means that the 
pulse-rate or blood pressure was lower on the strychnine day.) 


PULSE-RATE BLOOD PRESSURE 

Subject After Dose After Dose 
Before | ————————_|_ Before ; 
Dose | Group | Group | Dose | Group | Group 

I II I II 
A | Av. Diff +17.0 |+12.8 |+11.0 | +4.5 | +1.3 | +8.7 
P.E | 2a 1.6 0.6 1.5 0.8 0.4 
B | Av. Diff —3.5 | —7.8 | —1.3 | —4.0 |+10.0 | +3.7 
P.E re | 1:2 0.2 0.0 0.8 0.4 
C | Av. Diff —13.0 |—10.3 |—14.0 |} —2.0| +2.0] +6.0 
- P.E 1.0 13 1.6 2.0 1.3 2.0 
D | Av. Diff —5.0 | —6.0} +1.7 0.0} +0.7| +6.0 
P.E 0.6 1.0 ‘3 1.2 1.1 1.3 
E | Av. Diff +1.7 | —3.3 | —1.0 | —8.7 | +1.3 | —4.0 
P.E 3.9 1.8 1.0 2.4 0.4 2.6 
F | Av. Diff +2.0 | —2.0| +2.7] +1.0] +0.7 | +3.3 
P.E 4.0 2.0 2.2 0.6 1.1 0.4 
G | Av. Diff +4.0} +3.0 | +2.3 | +2.7 | —1.3 | —0.7 
P.E 2.3 1.0 3.2 1.6 1.2 0.4 


| 
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The measurement of the pulse rate and blood pressure was 
included in the series of tests, in the hope that the presence or 
absence of changes in the physiological processes would indi- 
cate whether or not the strychnine had really taken effect in 
each of the subjects. The knee jerk would undoubtedly have 
been a valuable measure for this purpose, but without rather 
elaborate apparatus which could not be quickly attached and 
removed, or without the assistance of one skilled in making 
the knee jerk test, the results would have been questionable. 
The pulse rate and blood pressure had the advantage in that 
they could be measured quickly and accurately. 


TABLE IX 
EXPERIMENT C 
Pulse- Rate and Blood Pressure Values for the Two Groups After the 
Dose After Subtracting from Them the Average Differ- 
ence Before the Dose 

(This table is obtained directly from table VIII, by subtracting the 
average difference before the dose from each of the two ps after the 
dose. It shows the effect of the strychnine on each of the tests, the 
minus = acai a lower pulse rate or blood pressure after taking 
strychnine. 


PULSE-RATE BLOOD PRESSURE 

Subject 
Group I | Group II | Group I | Group II 
—4.2 —6.0 —3.2 +4.2 
9 2.5 1.7 1.6 
BRA —4.3 +2.2 | +14.0 +7.7 
1.5 1.9 2.4 2.8 
-1.0 +6.7 +0.7 +6.0 
1.2 1.3 1.6 1.8 
—5.0 —2.7 | +10.0 +4.7 
4.3 4.0 2.4 3.5 
—4.0 +0.7 —0.3 +2.3 
Soy. 4.5 4.6 1.3 0.7 
2.5 3.9 2.0 1.6 


Tables VIII and IX give the data for the pulse-rate and 
blood pressure tests. The figures in VIII are obtained in 


| 
_ 
| 
| 


EFFECTS OF STRYCHNINE 115 


the same way as those in Table V, that is, the column marked 
Before the Dose contains the average difference between the 
control and strychnine days for the first four tests before the 
dose. Group I and Group II show the same for the first 
three and second three test periods after the dose. Table IX 
shows the values for the two groups after the dose in relation 
to the value before the dose, or after the difference before 
the dose has been subtracted from them. The figures are 
derived from VIII, just as Table VI has been derived from V. 
These figures would then show the strychnine effect, a minus 
sign indicating that the pulse rate was slower and that the 
blood pressure was lower on a strychnine day than on a con- 
trol day. 

An inspection of the pulse-rate records in these two tables 
shows that in the group immediately after the dose was taken 
(Y% to 2 hours afterward), the pulse-rate of every subject but 
one, Subject C, was reduced, that is, shows a minus value. 
In the second group (2 to 4 hours after the dose) four of 
the subjects still retain the slower pulse, while the rate of 
three has increased. Subject C forms an interesting excep- 
tion. His pulse is normally rather rapid, but on his strych- 
nine day the rate in the first test before the dose was 68 
which fell gradually during the afternoon to 56, but continued 
rather strong. On the control day the first test showed a 
rate of 81 which dropped during the afternoon to 70. There- 
fore, although the decrease in the pulse-rate in this case is 
quite remarkable on the strychnine day, it is not revealed in 
the table on account of the low rate of the first test on the 
strychnine day. Thus all of the subjects show a reduction 
in the pulse-rate in the first group after the dose is taken. 
The values are small, some of them little beyond the P.E. 
But in the case of pulse records there is no practice element 
to be considered, so that the direction of the signs and the 
smaller values are significant, whereas in the tests previously 
mentioned they would not be significant. 

Tables VIII and IX show that four out of the seven sub- 
jects have an increase in blood pressure in the first group of 
tests after the dose of strychnine, and that all but one, 
Subject G, had an increase in the second group after the dose. 
Subject G, who weighed only 94 pounds, had a very weak 
pulse and low blood pressure, the latter about 95, so that it 
was very difficult to make accurate measurements, and I con- 
sider them the least reliable of all that were taken. Except- 
ing this case then, there are five out of the seven subjects 
with a higher blood pressure in the first group of tests after 
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the strychnine was taken, and all have higher records in the 
second group after the strychnine was taken. Of the two 
who have a lower blood pressure after the dose, Subject F 
is lower in the first group by only 0.3 millimeter ; and although 
Subject A shows a much lower record in the first group after 
the dose, this is due to the very high blood pressure in the 
tests before the dose on the strychnine day.’® Here, of course, 
we do not have the factor of practice to consider. 

Comparing this evidence for a reduced pulse rate and in- 
creased blood pressure after taking strychnine with the state- 
ments given in our introduction concerning the physiological 
effects of strychnine, we conclude that in all of our subjects 
there is an indication of the influence of strychnine on the cir- 
culation. The regulation of the pulse rate and blood pressure 
is automatic and the centers of their control are located in 
the medulla, where experimental work has shown that strych- 
nine has an effect. 

The results of the Ergograph test are given in Table X, 
in the form described in connection with the preceding tables. 
As the figures represent the amount of work done in a given 
number of contractions, a minus sign indicates that the per- 
formance on a strychnine day was poorer than on a control 
day. By comparing the two groups after the dose with that 
before the dose, we find the following: Four of the subjects, 
B, C, D and G, do less work in the first group after the dose 
than before, while three, 4, E and F, do more. Four of the 
subjects, A, C, D and G, do less work in the second group 
after the dose than before while three, B, E and F, do more. 
Now comparing groups I and II, we find that three subjects, 
A, D, and F, do less work in the second group than in the first, 
one subject, E, does the same amount in each, and three, B,C, 
and G, do more in the second than in the first group. From 
this brief survey, it is evident that there is no uniform increase 
or decrease in efficiency in our ergograph test to be attributed 
to strychnine effect. I do not think the data warrant any 
more detailed study than this general survey. 


16 The following figures show the individual records for the blood 
pressure on Control and Strychnine days for subject A: 
117 120 I17 117 113 112 117 118 
Strychnine. .. .. 124 122 118 116 115 118 120 127 126 


The blood pressure is higher before the dose on the strychnine day 
than at any time during the control day. If this high value is elim- 
inated from the first two tests, the blood pressure on the strychnine 
day after the dose will be found to be higher than that for the same 
tests on the control day. This may be seen by referring to the blood 
pressure records for A in Table VIII. 
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TABLE X 
EXPERIMENT C. ERGOGRAPH 


(The test periods are grouped as in table VI, that is, the tests before 
the dose forming one group, and those after the dose being divided into 
two groups. In this table the minus sign means less work done on the 
ergograph, and hence a poorer record.) 


Before After Dose 
Subject Dose 

Group I Group II 
—64.7 —133.7 —108.7 
90.2 29.2 40.5 
+75.0 —103.7 —204.0 
_ 18.4 11.1 18.3 
31.1 8.7 14.4 
+6.5 +167.7 +150.3 
+56.0 —47.3 —32.7 
cma 52.2 28.1 26.1 


The data are not offered as proof that strychnine will not 
influence the ergograph record. The test was employed in 
the hope that it might give some evidence that the strychnine 
had taken effect. The material is not sufficient to warrant 
any conclusion except the negative one in this particular case.*” 
The difference in the type of apparatus would probably be 
sufficient to explain the absence of results which other investi- 


17 Experience with the ergograph in these tests shows that in order 
to be used to advantage in such work as is here attempted it demands 
preliminary practice just as much as any of the other tests used. Such 
details as the taking of a wrong position in the beginning of the 
ergogram and the attempted shift of position, the stiffness of the 
muscles resulting after the first one or two ergograms, the learning 
of tricks of position or movement all tend to cause troublesome varia- 
tions in the work of the beginner. The subjects in this case were 
all unpracticed in ergograph work and it is probably this lack of 
practice which causes the variations in the values of the different 
groups, and their high probable errors. 
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gators have found. The spring ergograph cannot induce a 
state of complete fatigue in 100 contractions, and as the effect 
of strychnine is given by Féré and Jones to be an increase in 
the number of contractions before complete fatigue sets in, 
rather than an increase in the height of the individual con- 
tractions, no change would appear in the first 100 contractions. 

Experiment C serves to check up the results of Experiments 
A and B, by showing that the same results are obtained from 
five additional subjects as were obtained from the first two; 
it serves as an additional check by showing, in the case of 
the pulse rate and blood pressure tests, that the strychnine 
was actually absorbed into the system of all of the subjects 
and affected the physiological processes controlling the pulse 
rate and blood pressure. 


VI. CoNcLUSION 


The conclusion to be drawn from these three series of ex- 
periments is a negative one, and one that is contrary to com- 
mon opinion, which is, that strychnine has a stimulating effect 
followed by a period of depression. However, it is not con- 
trary to the results of the previous researches which I have 
been able to find. The tests previously employed have been 
only those which have measured the rate of onset of fatigue 
and that in a purely motor process, the Ergograph test. The 
present experiments were arranged as a test of general mental 
and motor efficiency and not as a study of fatigue. Moreover, 
there was no attempt to determine the influence of more than 
ordinary therapeutic doses of the drug. What effect extremely 
large doses of strychnine would have on these processes still 
remains to be determined. 

The tests of motor ability were the Tapping test, Three-Hole 
test and the Steadiness test. Each of these tests necessitates 
the codrdinated movement or balancing of sets of muscles. 
No definite effect of the strychnine appears in the results of 
these tests. The nearest approach to a positive result we find 
in the Steadiness test, where, although the values are ex- 
tremely small, the signs are nearly all positive, suggesting a 
poorer record after taking strychnine. 

The tests of mental ability including discrimination, atten- 
tion and association in varying degrees of difficulty show no 
effect from strychnine, except in one or two isolated cases, 
where the result might well be ascribed to other causes un- 
controllable in the experiments. 

Additional check experiments showed that the two subjects 
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who acted for the major part of the research were not excep- 
tional in their reaction to strychnine, since five other subjects 
in a short series of tests gave a similar result. Further, the 
tests of pulse rate and blood pressure showed by the decrease 
of the former and the increase of the latter after taking the 
strychnine, that the strychnine must have been absorbed into 
the system. 

Hence, the conclusion is that strychnine in moderate doses 
taken into the stomach produces no clear cut increase or 
decrease in efficiency in any of the mental or motor processes 
studied. 

Comparing this conclusion with that of Hollingworth**® con- 
cerning the action of caffeine on these same processes tested 
in the same manner, we discover the most striking difference. 
He finds that in the case of the motor tests, small doses of 
caffeine produced a stimulation in the Tapping and Three- 
Hole tests, while large doses produced a retardation in the 
Three-Hole test. Small doses had no definite effect on the 
Steadiness test, but moderate and large doses produced un- 
steadiness. In the case of the association tests, Color-Naming, 
Opposites and Calculation; he finds a stimulation whatever 
the size of the dose; in the Cancellation test he finds a re- 
tardation with small doses and a stimulation with large doses. 
In no case is there any secondary reaction observed. 

A partial explanation of the results of the present investi- 
gation and their relation to the caffeine results is offered by 
Cushny’s description of the action of strychnine, caffeine and 
atropine on the nervous system. (See page 84.) He locates 
the action of strychnine mainly in the cord and medulla, that 
of caffeine in the highest or psychic centers of the brain and 
that of atropine mainly in the centers for codrdinated move- 
ments. A stimulation by strychnine would tend to produce 
contractions or twitchings of individual muscles. ( This effect 
was observed in the present experiment, as well as the change 
in the pulse rate and blood pressure, whose centers are in 
the medulla.) A stimulation by caffeine would produce a 
heightened activity of the psychic centers with a confusion 
of the accompanying mental states, when large doses are 
given, but no movements would result. A stimulation by 
atropine would tend to give an excess of codrdinated move- 
ments such as walking, talking, etc. A further difference 
between the action of strychnine and caffeine mentioned in the 
Introduction may be repeated here, namely that in death from 


18 Loc. cit., pp. 164 ff. 
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strychnine poisoning, the mind remains clear until the end, 
while caffeine in poisonous doses produces a stupor. 

The mental processes then, those which depend on the func- 
tion of the cortical centers, would not be affected by strych- 
nine. The motor processes which would depend on the center 
in the brain for the codrdination of muscular movements would 
be affected only in so far as the twitchings and involuntary 
movements of the muscles would disturb the codrdination of 
muscle groups. These involuntary movements did affect the 
Steadiness test in some cases, but the twitchings were so infre- 
quent that their influence could be easily hidden by other varia- 
tions in the subjects’ behavior. 

Numerous instances have been reported recently where 
strychnine has been taken by individuals about to enter physical 
contests and mental tests such as college examinations, in order 
to increase their ability. In the former case strychnine might 
be of value in postponing the onset of muscular fatigue. In 
the latter case, however, where the psychic centers are con- 
cerned, and where the processes of association, attention and 
discrimination are involved, the results of this research would 
indicate that strychnine is of no value. The influence of sug- 
gestion where such a powerful drug as strychnine is concerned 
is tremendous, and the writer believes that if this suggestion 
factor were eliminated, those mental operations and all other 
processes where popular opinion attributes such power to 
strychnine, would not be affected either one way or the other 
by ordinary doses of strychnine. 
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A SIMPLIFICATION OF THE PRACTICE OF THE 
METHOD OF CONSTANT STIMULI* 


By SaMueL W. Fernpercer, Clark University 


The history of the development of the method of constant 
stimuli has been one of exceeding interest. Starting with 
Fechner’s method of right and wrong cases, it has now be- 
come standardized in a form that would hardly be recognised 
by one not acquainted with that development. The effort 
throughout has been toward greater exactitude, and the de- 
velopment has been along theoretical mathematical lines,—each 
advance, however, being verified by psychological experimen- 
tation. We now are able to handle the three categories of 
judgments, which introspection has shown to be the psycho- 
logical facts. Urban’s notion of the psychometric functions? 
has done much to clear up our ideas about all of the psycho- 
physical methods, but especially those of the method of con- 
stant stimuli. 

Besides striving for greater exactitude and a better theoret- 
ical understanding of these methods, there has been a con- 
tinuous effort to reduce and systematize the calculations re- 
quired for the determination of the thresholds, with which all 
of the psychophysical methods are primarily concerned. In 
the very best and most systematized form of procedure of this 
method, the time required for the mere calculation of each 
threshold is from one and a quarter to one and half hours.® 
Such a period is too long to allow the method to be used for 
anything but a scientific study; it absolutely precludes its use 
for either anthropometric or diagnostic purposes. In fact few 
investigators have been willing to undertake the toil of such 


* The experimental work that forms the basis of this paper was 
performed at the University of Pennsylvania in 1912. I am indebted 
to Professors F. M. Urban and J. W. Baird for many helpful sug- 
gestions offered in the preparation of the paper. 

1 E. B. Titchener, Experimental Psychology. II. Pt. 2, 1905. 


286ff. 

?F. M. Urban, The Application of Statistical Methods to the Prob- 
lems of pegerentuaes. Philadelphia, 1908. 106ff. 

3 Cf. S. . Fernberger, On the relation of the methods of just 
perceptible differences and constant stimuli. Psychol. Rev. Mono- 
graphs, XIV, No. 4. (Whole No. 61), 1913, 29-38 
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calculations in spite of the great exactitude of the method and 
notwithstanding certain other obvious experimental advantages 
of this over the other psychophysical methods. Of these, the 
most important is that, with this method alone, the subject is 
kept in ignorance of the objective relations of the stimuli. 
The data required for the determination of the sensitivity of 
the subject consist in a number of empirical observations of 
the relative frequencies of the various judgments on several 
comparison stimuli equidistant from one another. From these 
data it is possible, by an application of the method of least 
squares, to calculate two constants—h and c—which determine 
the form and position of the curve representing the psycho- 
metric function for the different judgments. Once these values 
have been obtained it is possible to calculate the value of the 
threshold, which is defined as that point in the curve of the 
psychometric functions for the less or greater judgments, 
where the curve assumes a value one-half, or a probability of 
0.5 that this judgment will be given. It is also possible to 
calculate, by means of these constants, the probability of a 
heavier or lighter judgment for any intensity of the comparison 
stimulus. The probability of obtaining an equality judgment 
is found by subtracting from unity the sum of the probabilities 
of the heavier and lighter judgments, as these are probabilities 
of mutually exclusive events. Hence the calculation of the 
constants h and c for the greater and less judgments deter- 
mines the course and position of the curves of the psycho- 
metric functions for all three categories of judgment. 

Such a calculation, however, requires the calculation of the 
quantities [P], [xP], [xxP], [yP] and [xyP],—values re- 
quired for setting up the normal equations; and furthermore, 
two values [sP] and [xsP] which are needed to check up the 
other five values.‘ This process of setting up and solving 
the normal equations is very laborious. Even with the help 
of an adding machine it requires approximately one and a 
quarter hours; and the use of large multiplication tables and 
of logarithms is still more cumbersome. 

One cause of this great expenditure of time is the size of 
the numbers that enter into the calculations. The x in every 
case represents the intensity of the comparison stimulus, for 
example, in the case of our experiments with lifted weights, 
84, 88, 92 . . 108 grams. Hence one is here obliged 
to handle two- and three- place numbers in a long and tedious, 


4For a detailed - ee of this form of calculation cf. Fern- 
berger, ibid., p. 
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even if not difficult, series of multiplications. Wirth’ reduced 
this calculation considerably by reducing the size of the values 
of the term x. He reasoned that inasmuch as the values of 
x were always chosen equidistant, we may substitute the num- 
bers 1,2,3 . . n for these, without affecting the final 
values of the threshold. Furthermore, as one uses this series 
of digits in regular order, let us consider the central intensity 
of the comparison stimuli to be zero; and then for the stimuli 
smaller, substitute in order -1, -2,-3 . . <n; and for 
the larger stimuli, 1, 2,3 . . . nm. In this manner, the 
values of the term x are greatly reduced. Urban® argues 
that, in this case, the values of x always remain the same, so 
that it is a simple matter to calculate all of the values for 
these five products for all possible frequencies of the judg- 
ment. This he does; and the tables which he obtains cover 
only the space of two pages and are therefore very handy and 
easily applied. In using these tables, one only has to look up 
the values of the products for the various observed relative 
frequencies and add each group, thus obtaining the quantities 
necessary for setting up the normal equations. Also, as the 
values in the tables are absolutely exact, it is no longer neces- 
sary to prove the correctness of the multiplications; and one 
only has to be sure that they have been transcribed accurately. 
With the aid of these tables, the calculation for a threshold 
takes from 15 to 20 minutes or even less. 

It would seem then, that the work of the actual calculations 
has been reduced as much as possible. He must solve the 
normal equations, and any reduction must be in obtaining the 
quantities necessary for the setting up of these equations. It 
is impossible to see how this may be further reduced, beyond 
the tables of Urban’s, mentioned above, as these require the 
mere transcribing of the appropriate values. Any further ad- 
vance, therefore, must be in the line of reducing the amount 
of work required for making the observations. This may be 
done either by an improvement in the technique of experi- 
mentation or by reducing the number of comparison stimuli 
used. The question how many comparison stimuli should be 
used has not been satisfactorily settled. Of course, it would 
be desirable to use as many as possible; but the time as well 
as the energy of the investigators have their limitations. It 
seems that the question was decided chiefly by convenience. 
The usual number for experimental studies has been seven 


5'W. Wirth, Psychophysik, Leipzig, 1912. p. 21 
6F. M. Urban, Hilfstabellen fiir die Sa Arch. f. d. 
ges. Psychol., XXIV, 1912, 236ff. 
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pairs.". Theoretically it should be possible to use two appro- 
priately chosen comparison stimuli, because the empirical de- 
termination of two points furnish two equations for the cal- 
culation of # and c, and should determine the course and posi- 
tion of the entire curve of the psychometric functions. For 
obvious practical reasons such an experimental procedure 
would be unwise; if for no other reason than that it would 
be impossible to keep the subject in ignorance of the objec- 
tive relation in the stimuli presented. 

In a former study, mentioned above, six pairs of com- 
parison stimuli were employed, the seventh being an adjust- 
able stimulus for the accumulation of data by the method of 
just perceptible differences. A standard weight of 100 grams 
was the first member of each pair of stimuli. The second mem- 
bers, or the comparison stimuli, weighed 84, 88, 92, 96, 104 
and 108 grams. The stimulus for the method of just per- 
ceptible differences replaced the usual 100 gram weight of 
this series. With these stimuli a series of 1,400 judgments 
were taken upon each of the pairs, two subjects being em- 
ployed. For convenience, the results for each subject were 
divided into 14 groups of 100 each in the order in which 
they were taken. 

An examination of the observed relative frequencies® shows 
that for both subjects, particularly after some little practice, 
the judgment ‘lighter’ is given upon the 84 gram weight, 
and the judgment ‘ heavier’ upon the 108 gram stimulus with 
a very high relative frequency. Hence it seemed reasonable 
that these extreme values of the comparison stimuli might be 
disregarded without materially affecting the course of the 
curves of the psychometric functions. In this case the con- 
stants h and c which determine this course and which are also 
the values required in the calculation of the thresholds would 
not be materially affected. 

As a result of this, we recalculated the data of our former 
study disregarding the two extreme values of the comparison 
stimuli, using only the four central terms,—namely 88, 92, 96 
and 104 grams. This calculation was very simple, since the 


TL. J. Martin and G. E. Miiller, Zur Analyse der Unterschiedsemp- 
findlichkeit, 1890, 6. 

F. M. Urban, The Application of Statistical Methods to the Prob- 
lems of Psychophysics, 1908, 5ff. 

S. W. Fernberger, On the relation of the methods of just per- 
ceptible differences and constant stimuli. Psychol. Rev. Monographs, 
XIV, No. 4, 6ff. 

8 Fernberger, ibid, pp. 6-15. 

® Fernberger, ibid, pp. 20-21. 


SIMPLIFICATION OF CONSTANT STIMULI 125 


five products for each intensity of the comparison stimulus 
had been previously determined and their correctness proven. 
So all that was necessary was to obtain the sum of P, xP, 
xxP,yP, and xyP for the four central values, substitute these 
in the normal equations and solve for h and c. The quan- 
tities [P], [xP], [xxP], [yP] and [xyP] assumed very dif- 
ferent values from the former calculation; but as these are 
not significant they may well be omitted from this text. 

In tables I-IV following will be found the values assumed 
by h, c and the thresholds S for the lighter and heavier judg- 
ments for both subjects and for the original and the recal- 
culated series. Tables I and II give respectively the values 
for the lighter and heavier judgments for subject I; tables 
III and IV give the same values for subject II. The tables 


TABLE I 
h, Ci S: 
Series 
Origi- | Recalcu-| Origi- | Recalcu-| Origi- | Recalcu- 
nal nal la nal lated 


IV | 0.10976 | 0.13866 | 10.442] 13.211] 95.13 | 95.27 


| 0.11714 | 0.12113 | 10.988 | 11.330} 93.81 93.54 
VI | 0.10432 | 0.09497 9.814 8.911 | 94.08 93.84 
VII | 0.11156 | 0.10983 | 10.586} 10.435 | 94.89 95.01 
VIII | 0.11379 | 0.11728 | 10.796 | 11.096 | 94.88 94.62 
IX | 0.11477 | 0.11727 | 10.889 11.136] 94.88 94.96 
X | 0.12274 | 0.11852 | 11.790 | 11.382] 96.06 96.04 
XI | 0.09902 | 0.09253 9.351 8.718 | 94.43 94.22 
XII 0.12287 | 0.12361 | 11.670} 11.742 | 94.99 95.00 
XIII | 0.12794 | 0.12794 | 12.251 | 12.251 | 95.76 95.76 
XIV | 0.12446 | 0.13276 | 11.795 | 12.562] 94.77 94.62 


all show a similar arrangement. In the first columns are 
found the numbers of the groups of 100 judgments in the 
order in which they were taken. In the next two columns 
are found the values of h; the first of these being of the 
original series with the six comparison weights and the next 
shows similar values for the recalculated series in which oniy 
the four central intensities of the comparison stimulus were 
considered. In the next two columns are found, in a like 
manner, the original and recalculated values of c; and the last 
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I | 0.11051 | 0.10881 10.337 | 10.172 | 94.54 93.90 
II | 0.10769 | 0.11007 | 10.108 | 10.323 93.86 93.78 
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two columns show a similar arrangement of the values assumed 
by S, and by S, or the threshold in the direction of decrease 
and increase respectively. 


TABLE II 
Cs S: 
Series 
Origi- | Recalcu-| Origi- | Recalcu-| Origi- | Recalcu- 
nal lated nal lated nal lated 
I | 0.11371 | 0.11264 | 11.374} 11.295; 100.03} 100.28 
II | 0.11914 | 0.12153 |} 11.888 | 12.114 99.78 99.68 
III | 0.11629 | 0.11917 | 11.537] 11.801 99.21 99 .03 
IV | 0.11734 | 0.13062} 11.731 13.043 99.98 99.86 
0.13496 | 0.14688 | 13.406 | 14.555 99.33 99.10 
VI | 0.11059 | 0.10519 | 11.004] 10.510 99 .50 99.92 
VII | 0.11393 | 0.13854 | 11.362 | 13.772 99.72 99.41 
VIII | 0.11641 | 0.11936 | 11.560} 11.832 99 .30 99.14 
IX | 0.13843 | 0.14136 | 13.724] 14.054 99.14 99 .42 
X | 0.13364 | 0.18659 | 13.351 18.520 99 .90 99 .26 
XI | 0.12086 | 0.12239 | 12.081 | 12.257 99.95 100.14 
0.12004 | 0.12401 | 12.012 | 12.388} 100.07 99.89 
XIII | 0.14643 | 0.13761 14 13.916 | 100.56; 100.91 
XIV | 0.12390 | 0.15294} 12.421 15.202 | 100.25 99.40 
TABLE III 
h, Ci Ss: 
Origi Recal Origi Recal Origi Recal 
- ‘ecaicu- - cu- ecaicu- 
nal lated nal lated nal lated 
I | 0.07570 | 0.06768 7.023 6.266 | 92.77 92.59 
II | 0.09224 | 0.08544 8.728 8.074 | 94.62 94.50 
III | 0.10859 | 0.12446 | 10.338; 11.816} 95.22 94.94 
IV | 0.13786 | 0.14169 |} 13.018} 13.356 | 94.42 94.26 
V_ | 0.10672 | 0.08403 | 10.087 7.981 | 94.52 94.98 
I | 0.13459 | 0.13459 | 12.587] 12.587] 93.52 93.52 
VII | 0.10743 | 0.11189 | 10.070| 10.455 | 93.74 93.44 
VIII | 0.12512 | 0.12343 | 11.604} 11.428 | 92.73 92.59 
IX | 0.12402 | 0.12918 11.511 11.981 | 92.81 92.75 
0.11502 | 0.11286 | 10.797} 10.563 | 93.87 93.60 
XI | 0.10223 | 0.10223 9.460 9.460 | 92.53 92.53 
XII | 0.11750 | 0.12088 | 11.126) 11.384] 94.70 94.58 
XIII | 0.13071 | 0.13337 | 12.307| 12.569] 94.16 94.24 
0.12920 | 0.12841 | 12.239] 12.158} 94.73 94.68 
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TABLE IV 
h; Cs Ss. 
Series 
Origi- | Recalcu-| Origi- | Recalcu-| Origi- | Recalcu- 
nal lated nal lated lated 


IX | 0.12023 | 0.12279| 11.816] 12.062 28| 98 
X | 0.10467 | 0.10708 | 10.328| 10.556] 98.67| 98 
XI | 0.12377 | 0.11961 | 12.161] 11.771| 98 98 
XII | 0.11801 | 0.11673 | 11.865 | 11.737 100 100 
0.13650 | 0.14695 | 13.648] 14.649] 99 99. 


An examination of these tables shows that, although the 
values of the 4 and S in the two calculations are by no means 
identical, still, on the whole, they show a rather close re- 
semblance to one another. The course of the values of the h 
for both subjects show a very similar curve for the recalcu- 
lated series as they do in the original. Hence we would have 
been able to point out the effects of progressive practice quite 
as readily if we had considered only the four central values.*® 

But a psychophysical method is primarily a prescription for 
collecting data and for evaluating them in such a way that the 
result enables us to compare the sensitivity of different sub- 
jects, or of the same subject at different times, or under dif- 
ferent conditions. Hence the thresholds are the important 
quantities in any psychophysical method ; and therefore, they 
are the values which must come in for our greatest considera- 
tion. The difference between the averages of the thresholds 
of the two series is found in no case to exceed one-fifth of a 
gram. The averages are: 


10 Fernberger, ibid, pp. 41-46. 


I | 0.08126 | 0.09794 | 7.936} 9.538] 97.67| 97,38 
II | 0.09763 | 0.10472 | 9.706| 10.402] 99.42] 99 
III | 0.10666 | 0.11693 | 10.500} 11.483] 98.45] 98 
IV | 0.12340 | 0.14405 | 12.108] 14.106] 98.12] 97 
V_ | 0.12580 | 0.12949 | 12.291] 12.635} 97.70| 97 
VI | 0.14124 | 0.16361 | 13.812} 15.913] 97.80] 97 
VII | 0.11233 | 0.11980 | 11.090] 11.788} 98.72} 98 
VIII_| 0.11112 | 0.12129 | 10.937 | 11.880] 98.43] 97 
| 
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S: S: 
Original 94.736 99.766 
Subject I Recalculated 94.606 99.674 
Difference 0.130 0.092 
Original 93.880 98.741 
Subject II Recalculated 93.800 98.623 
Difference 0.080 0.118 


These differences are of such little significance that they 
may practically be = When we examine the measure 


cow 


of sensitivity we find a very surprising uniformity 


indeed. These values are: 


Original 2.51 

Subject I 
Recalculated 2.53 
Original 2.43 

Subject II 
Recalculated 2.41 


Here we find an agreement which is much closer than might 
have been expected considering that when we eliminate the 
data of the 108 and 84 gram weights, we are disregarding one- 
third of the material that is the basis of this experimental 
study. 

When we consider the individual values that the threshold 
assumes in the groups of 100 reactions, we find, however, a 
very different state of affairs and one which does not by any 
means show the uniformity pointed out above. These values 
vary from identity (Subject I, S,, XIII) to a difference of 
0.90 grams (Subject II, S,, XIII). These differences are of 
course due to variations of a chance character in the observed 
relative frequencies on one or both of the stimuli which we 
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have disregarded. From the averages of these same values, 
however, it would seem that in an extended study these varia- 
tions tend to cancel one another so that the aggregate thres- 
holds and the measure of sensitivity show extremely little 
variation. 

When we consider the form of the curves of the psycho- 
metric functions for the heavier and lighter judgments, it is 
evident that the central part of the curve is the most impor- 
tant.11| There is a very sharp rise at the central values of 
our comparison stimuli; while at the ends of the curve, the 
rise is very gradual—towards unity in one direction and ap- 
proaching the abscissa asymptotically in the other. Hence these 
extreme values will not exert as much influence on the value 
of the constants, which determine the form and position of 
these curves, as will the central values where the rise is very 
rapid ; and so they may be more readily disregarded. 

There is another very practical experimental argument in 
favor of the elimination of the extreme intensities of the com- 
parison stimuli. It has been pointed out that in any experi- 
mental series, no matter how carefully planned, there are 
certain stimuli which serve as landmarks and which lead to a 
more or less unconscious learning of the order of presentation 
of the stimuli.‘*? The basis of the method of constant stimuli 
is that the subject has no knowledge of the objective relation 
of the stimuli presented to him. To obviate this learning of 
the experimental order, the procedure has been to change it 
from time to time when the subject reports or gives evidences 
of having acquired a knowledge of such land-marks. In the 
study referred to above, such land-marks were always found 
to be either the 84 or 108 gram weights—the extreme stimuli. 
Hence the elimination of these would make it much more diffi- 
cult for the subject to acquire any knowledge of the objective 
relation of the stimuli and so, in this case, we should have 
the method in its purest form. A study of the tables will 
further support this contention. It will be noticed that, on 
the whole, the values of in the recalculated series, where the 
extreme stimuli were omitted, are greater than in the original 
series. This matter was referred to Professor F. M. Urban 
of the University of Pennsylvania and the following is a 
quotation from a personal letter from him. ‘On general 
grounds one ought to expect that omitting the results for 84 


_11F. M. Urban, The method of constant stimuli and its generaliza- 
tions. Psychol. Rev., XVII, 1910. 229-2509. 

Fernberger, ibid, 2o0f. 

12 Fernberger, ibid, 12. 
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and 108 grams might just as well diminish as increase the 
final result. As a matter of fact this is not so. The explana- 
tion may be as follows. The addition of the extreme com- 
parison weights has a tendency to reduce the values of h. This 
they could not do unless the probabilities on these extreme 
weights were smaller (or larger) than one would expect from 
the results in the middle part of the series of stimuli. In 
other words, the extreme comparison weights are not judged 
in the same way as the others. This is a further argument 
in favor of omitting the extreme values, since they tend to 
make the conditions less uniform.” 

Hence it is evident that there are very sound theoretical 
and practical arguments in favor of the elimination of the 
extreme stimuli in the method of constant stimuli in the form 
under consideration. The calculations show that such a short- 
ening of the series makes, in an extended experiment, prac- 
tically no difference in the measure of sensitivity of the sub- 
ject, although the point of subjective equality is somewhat, 
although not considerably, changed. In short series there 
prove to be relatively great and by no means regular varia- 
tions. But it is doubtful if the method of constant stimuli 
itself may be successfully applied in a short series, inasmuch 
as the influence of progressive practice changes the final values 
to a considerable extent. Hence we may consider this method 
as one which should properly be applied only as an extended 
experimental procedure; and under these conditions it would 
seem that the extreme values of the comparison stimuli may 
be eliminated without materially affecting the final result. Such 
an elimination not only shortens the calculations to some extent 
but,—what is obviously of much greater importance,—it re- 
duces the time and labor that must be expended in the acquir- 
ing of the data upon which the calculations are based by prac- 
tically one-third, without, formally at least, affecting the ac- 
curacy of the determinations of the sensitivity of the subject. 
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Der Kiuce HANS AND THE ELBERFELD Horses 


(1.) Clever a, the Horse of Mr. Von Osten; a contribution to 
experimental animal and human psychology by Oscar Prunest, with 
an introduction by Prof. C. Stumpf, one illustration and fifteen fig- 
ures, translated from the German by Cari L. Raun, Fellow in Psy- 
chology in the University of Chicago, with a prefatory note by James 
R. Angell, Professor of Psychology in the University of Chicago. 
New York. Henry Holt and Co., 1911. Pp. vii, 274. 


(1.) In the comparative psychology of horses everything dates from 
Pfungst’s study of der kluge Hans, first published in full in 1907 
and reviewed in this Journal, Vol. XIX, p. 422. The case was that 
of a stallion which seemed to have acquired, as the result of patient 
teaching by methods similar to those used in primary schools, a fairly 
human mental outfit, including among other things a very considerable 
comprehension of language both spoken and written and powers of 
abstract thought sufficient for arithmetical calculations. The reports 
of his performances excited great popular interest in Berlin and 
other German cities, and aroused no small controversy. He was ex- 
amined first by a large general commission of distinguished gentlemen 
of Berlin and finally by a small committee of experimental psycholo- 
gists of which Prof. Stumpf of the University of Berlin was the 
most distinguished member, and Dr. Oscar Pfungst of his laboratory 
the active investigator. The result of Pfungst’s study was what ap- 
peared to be a complete demonstration that the creature had no 
unusual powers in language and did no abstract thinking but responded 
wholly to unconscious movements on the part of the questioner. 
The work was eminently worth translating, not only as a classic of 
animal psychology, but for the valuable cross-lights which it throws 
upon many occult phenomena of human experience. Mr. Rahn’s 
translation is admirably idiomatic and readable, but suffers perhaps 
a trifle from an excess of this virtue in that the renderings are oc- 
casionally a trifle too free. The most serious error which the reviewer 
has noticed, however, is probably a mere slip of the pen. On p. 145, 
line 7, the ‘translation reads “ with knowledge” and the original (p. 
103, line 4, from the foot of the page) “ without knowledge.” 


(2.) Denkende Tiere, Beitrige zur Tierseelenkunde auf Grund 
eigener Versuche, von Kart Kratt. Der Kluge Hans und meine 
Pferde Muhamed und Zarif. 2te unveranderte Auflage mit Abbild- 
ungen nach eigenen Aufnahmen. Leipzig, 1912. Verlag von Fried- 
erich Engelmann. Pp. v, 538. 


(2.) The results of Pfungst were so convincing, even when pub- 
lished in abstract in 1904, that popular interest in Hans fell away 
entirely, and when Pfungst’s book appeared in 1907 the supporters 
of the opposite view were, for the time at least, effectually silenced. 
The owner of Hans, Herr von Osten, was not convinced, however, 
nor was Herr Krall, of Elberfeld, who had followed the controversy 


4 | 
} 
ua | 
| 
i | 
| 
{ 


132 BOOK REVIEWS 


in the newspapers and had visited Berlin in the summer of 1905 to 
see the horse for himself. What he saw and the experiments which 
he himself made with Hans at intervals during the next three or 
four years settled him firmly in the conviction that, in spite of all 
scientific applause Pfungst was wrong and that Hans definitely did 
his own thinking. Later Krall purchased two Arabian stallions, 
Muhamed and Zarif, trained them himself by improved methods and 
secured phenomena far more striking than any obtained with Hans. 
These results, together with other matters bearing on the general 
question he has now embodied in the work before us and thus re- 
opened the whole controversy. 

It is inevitable that most psychologists, especially those who have 
devoted themselves to animal psychology, should appear among the 
skeptical or even among the opponents of Krall’s views, but no one 
can examine the book that he has produced without feeling pro- 
foundly indebted to him for the care with which he has gathered 
all obtainable information about Hans, for the lavish illustrations by 
which he makes the reader almost a spectator of what he describes 
and for his costly experiments which must remain a contribution of 
lasting value to human and animal psychology, whatever may be the 
ultimate fate of his interpretation of their outcome. His work is 
and will remain a “document” of great importance. 

Krall presents his material in five main sections. The first (83 p.) 
deals briefly with the history of Hans and at greater length with 
tests of his senses and intelligence carried out by Krall in co-operation 
with von Osten. The second (88 pp.) reports Krall’s work with 
Muhamed and Zarif, his methods of teaching, the supposed sponta- 
neous attempts of the horses at communication and the efforts of 
the experimenters to facilitate them, and finally with the results of 
experiments made without knowledge on the part of the questioner 
(or of others present) as to the answers which ought to be given 
by the horses. The third part (74 pp.) gathers up the experience 
of Krall and others on horse education, particularly as regards re- 
sponsiveness and temperament, with an added discussion on the extent 
to which animals comprehend and can make use of vocal speech. 
Following this section comes a statement of conclusions and upwards 
of 30 pages of painstaking notes touching matters treated in the pre- 
vious sections. The fourth and fifth sections are appendices and 
handle in greater detail the subjects considered in the first two sec- 
tions. The fourth (171 pp.) gives the history of von Osten’s ef- 
forts in horse education begun in 1888 with an earlier Hans and 
recommenced in 1900 with the Hans known to fame. From the year 
1904 when the later Hans came to public notice the chronicle is as 
full as industry and a quasi-religious devotion can make it. Extracts 
from the protocel of Krall’s experiments with Hans fill the last 30 
pages. The fifth section (50 pp.) gives a similar, though briefer, 
history of the training of Muhamed and Zarif, accompanied also by 
transcripts from the protocol. Twenty odd pages of notes again, a 
full index and a reproduction of several pages of manuscript in the 
hand of von Osten, conclude the work. Just before the index the 
author announces in cryptogram, after the manner of the earlier 
scientists, certain results which constitute the basis for work upon 
which he is still engaged. The book carries as frontispiece a helio- 
type portrait of von Osten, and in the course of the work there 
are two other portraits, besides many cuts of experiments in progress 
in which he appears as a participant. Besides these there are eight 
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full-page plates and over 150 illustrations, mostly half-tone reproduc- 
tions from photographs of the author’s own taking. 

An adequate account of the contents of these sections would re- 
quire much more space than is here allowable, but it may be said in 
general that Krall is evidently interested in no small measure in the 
ethical and other general implications of his findings, and it may be 
safely conjectured that he is more interested in getting results than 
in submitting them to critical analysis and confirmation. It is sig- 
nificant that though he made more than 12,000 separate tests with 
Hans, and probably has made many more than that number with 
his own horses, there are no statistical tables in his book, nor do 
the extracts from his protocols give any evidence that his experi- 
ments were arranged like those of Pfungst to test the effect of the 
presence or absence of special conditions. 

A brief account of the more striking feats of Krall’s horses and 
a summary of his rather unconvincing arguments against Pfungst’s 
first conclusion—the dependence of the horse upon his questioner—will 
be found in the article upon Hans and the Elberfeld Horses in the 
body of this number of the Journal. It will be sufficient to say here 
that Krall seems to make out a pretty good case against the control 
of the horses by unconscious minimal movements serving as visual 
signals. As the affair now stands science has no certain explanation 
to offer; nor is it required to offer any explanation in advance of facts 
which make some one explanation inevitable. Krall has produced 
— problem, but, in the reviewer’s judgment, no solution 
of it. 


(3.) Les Chavaux savants d’Elberfeld, par M. Ep. CLaparépe. Ar- 
chives de Psychologie, XII, 1912. 261-304. 


(3.) To most psychologists a report of the first-hand observations 
upon the Elberfeld horses by a psychologist of Claparéde’s standing 
will carry great weight. Such a report forms the core of the article be- 
fore us. Claparéde was present at four seances with the horses in Au- 
gust, 1912, and was so far impressed as to place on formal record 
his conviction (p. 303) that correct answers were given by the horses 
under conditions which exclude absolutely the hypothesis of voluntary 
or involuntary signs and his impression that the horses both really 
counted the taps given and spelled on their own account, though he 
reserves his decision as to the manner in which they reach so rapidly 
the results of their mathematical calculations. 

What Claperéde himself saw concurs in the main—in what might 
be called the standard performances of the horses—with what is 
reported by Krall. He describes his general impression as at first 
unfavorable and even at the end somewhat mixed. When, in reply 
to a request that the horses be given some very simple problems, he 
is told that simple problems bore them since they have become ac- 
customed to more complex ones, he is left in much doubt. Wh 
should not the horses be willing, for the sake of the carrots for whi 
they work, to bear a trifle of ennui? But if they were intentionally 
controlled why should there be hesitation to submit them to simple 
tests! 

In the latter part of his paper Claparéde reviews the hypotheses 
which he regards as possible, five in number: 1, Fraud; 2, Involun- 
tary signals; 3, Telepathy or an unknown sense; 4, True intellectual 
powers; 5, A combined hypothesis. The first three and the last of 
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these he rejects, the third and fifth summarily. The fourth he re- 
= as at least logically tenable and makes something of a plea 
or it, though pointing out that what we need now is facts and rigid 
experiments. 


(4.) Encore les chevaux d’Elberfeld, par M. Ep. CLAPAREDE, avec 
une note de M. le Dr. J. de Modzelewski, Archives de Psychologie, 
XIII, 1913, 244-284. 

(4.) The first section of this second paper of Claparéde’s on the 
Elberfeld horses is devoted to the results of a second visit to Krall’s 
stables, in March of the current year, made in company with Drs. 
Modzelewski and Weber-Bauler of Geneva. Claparéde had, with 
these gentlemen, opportunity to work with the horses both when 
Krall was absent from the city and when he was present and actively 
co-operating. The results obtained were entirely negative; that is, the 
horses failed to respond correctly in most of the tests, the percentage 
of right cases, according to tables given in Dr. de Modzelewski’s note, 
running only from 7% to 13%. In the few tests made “without 
knowledge” there were also no successes. 

The general failure of the horses Krall thought might be due to 
their shedding their coats—‘“ always a trying time for them” (p. 
250); but we learn from a letter cited by Claparéde (p. 257) that 
two of the horses very soon after worked well for another visitor, 
and again on p. 267 we find this note by Krall upon Claparéde’s first 
visit: “Prof. Claparéde was here some time ago and obtained no 
results. . . . The day after the departure of M. Claparéde, an 
elderly and very friendly major came to see the horses. He suc- 
ceeded in becoming the friend of the animals, and they worked 
without making errors. . . . You see that everything depends on 
the visitors, especially if they are, or are not, on good terms (sympa- 
thiques) with the horses.” We fear that this is the handwriting on 
the wall for Prof. Claparéde at Elberfeld and indeed for any visitor 
who cherishes scientific reserves. 

The second section of Claparéde’s paper is devoted to a convenient 
critical review of recent literature arranged according to the hypotheses 
favored—trickery, unconscious signals, telepathy, and independent in- 
telligence of the horses. The third section is a counterblast to the 
“protestation” issued by opponents of Krall’s views among German 
zoologists and comparative psychologists. 

The final section is the note of Dr. de Modzelewski in which he 
favors a telepathic explanation—or, as he prefers to term it, the 
suggestion of motor inhibition (suggestion motrice d’inhibition)—as 
against the hypotheses of fraud, unconscious signals, and independent 
intelligence. This, to the reviewer's mind, is not far from saying 
that the horses are controlled by signals conveyed in a manner not 
yet determined. 


(5.) I Cavalli pensanti di Elberfeld, by Dr. Witt1AM MACKENZIE. 
Da una Conferenza tenuta al VI Congresso della Societa Italiana per 
il Progresso delle Sienze. Genova, Ottobre, 1912. Estratto della 
Revista di Psichologia, Anno VIII, n. 6, 1912. Pp. 43. 


(5.) In Dr. Mackenzie’s presentation of the case for the independent 
thinking of the Elberfeld horses the reader who has traversed Krall’s 
own volume will find little that is new, save a few paragraphs with 
reference to the personality of Krall (pp. 9 ff.) and brief descrip- 
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tions here and there of experiments, some of later date than Krall’s 
book and others made in the presence of Mackenzie himself, includ- 
ing a few with the blind stallion, Berto (p. 39). 

Mackenzie’s standpoint is indicated pretty well by the following 
conjecture which he quotes with approval: “All that lives around us 
probably lives as we live, and the phenomena of our minds, even 
those believed to be specific and characteristic, are only a manifes- 
tation, different in degree, perhaps, but not different in principle 
from that of other like phenomena which are revealed to us little 
by little from remote provinces of universal nature” (p. 7). 
somewhat uncritical attitude is, perhaps, betrayed by an occasional 
loose statement, by the acceptance of at least one very doubtful 
experiment of Krall’s as valid, and especially by the following argu- 
ment brought forward near the end of the paper (p. 42). Urging 
that the mathematical performances of the horses ought not to be 
held improbable because such feats would be difficult or impossible 
for most human beings, he continues: “ But it is not to be forgotten 
that numberless organisms of the earth and water solve daily mathe- 
matical problems just as abstract; I mention only the classical cells 
of the bee. The supposed circumstance that these organisms neither 
know nor comprehend what they do, does not seem to me to be the 
thing precisely which would help our understanding of the enigma.” 
But what sort of a parallel is there here? Is it not contended that 
the Elberfeld horses are conscious in their arithmetical work? Have 
they not been taught like human beings and are they not supposed 
to have grasped the number system? Or if this is not so, and they 
give their results, as the bee shapes her cell, without knowledge or 
comprehension of what they are about, what ground have we for 
crediting them with mathematical intelligence? May we not with 
equal justification credit them with intelligence in matters of chem- 
istry and physiology because they digest their food? 


(6.) Der Streit um die rechnenden Pferde, Vortrag, gehalten am 
27 Februar, 1913, in der Psychologischen Gesellschaft in Miinchen 
von Dr. MAx ETTLincER. Mit einem Anhang: Die gemeinsame Pro- 
testerklarung auf dem internationalen Zoologenkongress. Verlag 
Natur und Kultur, Miinchen. S. 54. 

(6.) If the views of Krall find in Claparéde a judge inclined to 
mercy and in Mackenzie an aggressive champion, they meet in Ett- 
linger a hostile and experienced critic. Ettlinger is a literary man 
and magazine editor of Munich, a student and writer of some years’ 
standing in animal psychology, and one of the conservatives in the 
original Hans controversy. 

His critique, to his regret, lacks one important feature—a first- 
hand study of the horses—but like a number of others of meen | 
critical attitude, he has not been able to secure the chance for suc 
a study under satisfactory conditions. His account of the horses 
and his estimates of the reliability of the results are therefore drawn 
of necessity from the printed sources and the personal reports of 
those who have been in this respect more fortunate than he. 

After a brief resumé of the work of Pfungst, he adduces confirma- 
tory evidence from other sources, especially from the practice of 

rofessional showmen, and then considers the performances of Krall’s 
orses, giving chief though not exclusive attention to their mathe- 
matical feats. Ettlinger’s contention is, of course, that Muhamed 
and Zarif are guided by visual or other signals given consciously or 
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unconsciously by persons within sensory range of the horses, and 
that the precautions which Krall and others have employed to exclude 
such guidance, have been insufficient. He lays especial stress on the 
wholly inadequate use of experiments “ without knowledge.” 
Perhaps the portion of Ettlinger’s discussion which will seem most 
interesting to the average reader is that in which he shows how easy 
it is for one with very moderate mathematical skill, aided by a very 
little special knowledge, to solve mentally examples in the extraction 
of roots which at first sight seem of so great difficulty that they have 
been employed at Elberfeld as experiments “without knowledge” on 
the ground that the answers were unknown to the spectators and 
could not be reached by any one present as promptly as they were 


gotten by the horses. Such an example as V 4084101 seems to the 


uninitiated a fairly embarrassing one for head reckoning, but when 
it is known that the last digit of any exact 5th power is always the 
same as the last digit of the root (and therefore in this case 1) and 
that the tens in the root are to be found from the figures remaining 
at the left, when the five at the right have — pointed off, here 4o, 
it is easy to see that the root required can o be 21. The case is 
a little more complicated for cube roots, ._— here again the final 
digit of the power always bears an easily determinable relation to 
the final digit of the root. The errors made by the horses with 
examples in cube and fifth roots are also such as to support the 
hypothesis that the roots in both cases were obtained by estimate 
under guidance of knowledge of these special relations and not by 
actual calculation. Square roots and fourth roots offer much greater 
difficulty and appear not to have been so much used as the odd roots 
and when used to have been tried in a good many cases with relatively 
examples. 

f pence 1 wen interest also is the citation from the Diisseldorf 
veterinarian, Dr. Karl Wigge, who reports that at least in one instance 
he saw an opening and closing of the eyes of the groom coincident 
with the beginning and ending of a set of taps given by Muhamed, 
and that when on another occasion he could place himself in such 
a position that he could see the groom from head to foot the horses 
did not succeed at all. Wigge and others have likewise noted, as was 
observed also in the case of Hans, that the horses seem to pay little 
or no attention to the blackboard from which they are supposed to 
be reading or on which their problems have been written, from which 
the inference is easy that they are not reading or calculating at all. 

And so the matter stands, with much assertion upon one side and 
much denial on the other, waiting for the crucial experiment which, 
however, is not likely to be made unless Herr Krall is willing to 
offer more facilities than he has yet been ready to offer to those whom 
he knows to be hostile to his views. = > 


Die Realisierung. Ein Beitrag zur Grundlegung der Realwissenshaf- 
ten. Band I. By Oswatp Kitre. S. Hirzel, Leipzig, 1912, pp. 
Vil, ++ 257. 

The problem of Realisierung, as set forth in this book, is the 
problem of apprehending in and through experience that which truly 
exists or has existed (p. 3). Professor Kilpe states further that 
his purpose is to provide a justification for a realistic theory of 
objectivity, and he announces that his plan contemplates the publi- 
cation of four volumes, of which the present one is the first. In 
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this introductory volume the author limits himself in the main to a 

jon and refutation of views which conflict with his realistic 
position. These views constitute two main types, which he desig- 
nates respectively as Konscientialismus and objective idealism. Of 
these the former maintains that all reality is such only in relation 
to consciousness, whether this consciousnes be viewed as a_par- 
ticular fact or as consciousness iiberhaupt. It denies the possibility 
of dealing with reality independent of consciousness; or, in 
language of the author, it refuses to admit that a process of Real- 
isierung actually occurs in human knowledge. It maintains that the 
real is identical with content of consciousness. On the other hand, 
objective idealism grants that the real is not content of conscious- 
ness, but something to be achieved through intellectual endeavor. 
Its emphasis, however, is placed, not on the real as existent, but 
on the process; the real is not presupposed, but construed ; investiga- 
tion is a process of world-creation into merely asymptotic approxi- 
mation to an endlessly remote goal. 

Nearly the whole of the volume is devoted to a discussion of the 
first of these alternatives, for the reason that, in the opinion of the 
author, the results of this discussion make it possible to dispose 
of the idealistic contention with great brevity. The consideration of 
Konscientialismus is introduced with a careful and elaborate state- 
ment of its fundamental doctrines, which are then reviewed and 
refuted in detail. The central thesis of the argument is that the 
facts of consciousness are not reality but the datum which con- 
stitutes our point of departure in the attainment of the real. In 
other words, the real is not a matter of direct apprehension, but 
is attainable only as an object of thought (p. 240). The error of 
Konscientialismus, so it seems, consists, on the one hand, in the 
neglect of unperceived psychical contents and the difference between 
sense-objects and the objects of science, and, on the other hand, in 
its failure to appreciate the radical difference between sense-impression 
and thought. As Professor Kiilpe phrases it, the qualities pre- 
sented in sense-impression are necessarily contents of sense-im- 
pression, but objects presented to thought are not in the same manner 
contents of thought. Impressions of color are necessarily impressions, 
but we can not say similarly that the thinking of an object reduces 
the object to a thought. 

While avoiding personal polemics, the author treats the insuf- 
ficiencies of Konsctentialismus with much dialectical skill and with 
considerable freshness of presentation. The inadequacy of the ap- 
peal to immediate awareness, the ambiguity of solipsism, the logical 
admissibility of an extra mental object, the impossibility of reducing 
the objects of science to data of consciousness, the fundamental dif- 
ference between sense and thought, are all set forth with com- 
mendable clearness and impartiality. Having thus defended his view 
against this enemy, he turns to a brief exposition of the likeness 
and differences between his standpoint and that of objective idealism. 
The two are in agreement in recognizing a real which transcends 
the data of consciousness and in constituting it an object of thought. 
The author is apparently not wholly averse to the notion of a pure, 
creative thought (pp. 250-251), but protests against the exaggera- 
tions of idealism. Unless we view our experiences as clues or indices 
to pre-existent fact in the realistic sense, we are tempted in the 
direction of an a priori Naturphilosophie, and are left without a 
standard or criterion by which to control the results of our thinking. 
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These remarks will perhaps serve to indicate Professor Kilpe’s 
mode of approach and the problems that rise up in his path for con- 
sideration in the later volumes. Sense-impression and thought are 
widely sundered, and the task of Realisierung is a task for thought 
alone. The author does not permit himself to suppose that this 
first volume has accomplished more than a refutation of the objec- 
tions which might be urged from other points of view. The problems 
and difficulties inherent in the position will no doubt stand out 
more clearly when the attempt is made to demonstrate the internal 
coherence of the standpoint. It may be permissible, however, to 
suggest a difficulty that appears to be peculiarly formidable. If 
sense and thought are so widely divergent as we are led to believe, 
the suggestion lies close to hand that thought must necessarily have 
categories of its own, in which case it would seem to be in a posi- 
tion to claim @ priori validity for the world of reality to which it 
refers. The author’s doctrine of thought is faithful to the realistic 
presuppositions of this standpoint in that it postulates a world upon 
which thought operates more or less ab extra, in the sense that this 
external world does not participate in the processes by which the 
knowledge of it is achieved. Hence the assertion that there are un- 
perceived psychic processes,—whatever that may mean; hence also 
the hard and fast separation between concepts and their objects 
(cf. pp. 230, 234). Unless the author is able to bridge over this 
gulf between sense and thought in some novel way hitherto unsus- 
pected by philosophers, his defense of “realism” necessarily re- 
mains inconclusive. The reduction of the individual to a bundle 
of universals (pp. 137, 215) and the concessions made to idealism 
with regard to the nature of thought, give ground for the suspicion 
that Professor Kiilpe’s realism is an insecure super-structure reared 
on a foundation of objective idealism. 

The book should be of special interest to American readers in 
that it furnishes an able discussion of a topic which is prominent 
in our current philosophy. It is supposed to clear the ground by 
showing that the objections to a realistic view of objectivity or 
Realisierung are inadmissible. The American reader, however, can 
not fail to be struck by the omission of all reference to pragmatism 
from the discussion. That a movement of such significance, vigor 
and scope, with its novel and cardinal doctrine of Realisierung, 
should fail even of polite mention by a writer like Professor Kiilpe 
is another illustration of the fact that to our German friends a 
Wiirdigung of the philosophic activities of America is a waste of 
time. According to pragmatism the philosophy of Professor Kiilpe 
shares with the Konscientialismus and objective idealism which he 
attacks a conception of the relation between thought and object 
which makes it possible for refutation and counter-refutation to go 
on without end, and which makes the hope for a coherent doctrine 
of Realisierung on that basis a delusion. What is needed is, so it 
contends, a thorough-going reconsideration along lines which it indi- 
cates, of the nature and function of thought and of the criterion 
of objectivity. Whether the pragmatic doctrine of Realisierung be 
right or wrong, the omission of this alternative leaves ground for 
the claim that Professor Kiilpe’s conclusion in favor of realism begs 
the question at issue, and it seriously impairs the value of an able 
and readable book. | 

University of Illinois. B. H. Bove. 
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An Experiment in Linear Space Perception. By Francis Norton 
MAxFIELD. Psychological Review Monographs, XV (whole No. 
64), 1913. pp. 56. 


The purpose of the experimenter has been to apply in another 
sense field, the statistical methods outlined in F. M. Urban’s treatise. 
(The Application of Statistical Methods to the Problems of Psycho- 
physics, 1908.) Dr. Maxfield works in the field of visual perception 
and, more particularly, the perception of small differences in the 
length of lines. His material consisted of a series of seven pairs 
of lines; each pair composed of a standard line 150 printer’s points 
long, and a comparison stimulus from the series 144, 146, 148, 150, 
152, 154, and 156 points long. These were exposed on a rotating 
drum, and in every case a standard and comparison stimulus were 
exposed simultaneously; the standard being always to the left. The 
time of exposure was approximately 1% seconds. Great care was 
taken to keep the objective conditions constant. Judgments were 
given on each pair of stimuli in terms of the three categories “ equal,” 
“longer” and “shorter.” In all, twelve subjects were used and 3,500 
judgments were obtained from each of them. 

These records enable the experimenter to obtain the absolute and 
relative frequencies with which the various categories occur for the 
different comparison stimuli. Dr. Maxfield applies the coefficient of 
divergence of Lexis and Dormoy in order to ascertain to what extent 
the conditions influencing the judgment given remain constant 
throughout the experiment. He obtains in every case a fairly large 
supranormal dispersion which indicates changes in these conditions. 
This, the author believes, may be explained by the fact that none of 
the subjects had any training in the technique of this particular 
experiment and, indeed, half of them had never had any training in 
a psychological laboratory. In fact he finds that the coefficients 
for the group of untrained subjects are very much larger than for 
the subjects who had had former psychological training. 

By interpolation according to Lagrange’s formula, the author next 
calculates certain intermediate values of the probabilities with which 
we may expect our three categories of judgment on the values of 
the comparison stimulus between those which have been empirically 
determined. He then constructs the curves for the psychometric func- 
tions for all twelve subjects, and the article includes the graphs for 
all of them. These graphs show clearly the great individual differ- 
ences in the subjects. 

The next consideration is the relation of the method of just per- 
ceptible differences to these empirical results. The author obtains 
two series of values of the thresholds. One series was calculated on 
the basis of the probabilities of the different judgments; and the 
other was derived from observed values of the just perceptible and 
just imperceptible positive and negative differences. There is a close 
correspondence between the values of the interval of uncertainty which 
were found by interpolation, and those which were calculated by the 
method of just perceptible differences. A comparison between the 
observed and theoretical values of the method of just perceptible 
differences shows less correspondence, due probably to great varia- 
tions among the different subjects in sensitivity to the objective rela- 
tions of the stimuti. 

The rest of the paper is devoted to a consideration of the equality 
judgments. Dr. Maxfield finds a marked regularity in the ordering 
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of his subjects, when he compares the value of the probable error 
with the value of the maximum probability of the equality judg- 
ments. When dealing with the second of these his subjects fall into 
an order which is almost the exact reciprocal of their order by the 
value of the probable error. Other serial arrangements are made, 
as in Urban’s Monograph, on the basis of the length of the interval 
of uncertainty by the method of just perceptible difference and by 
interpolation, the probable error of the mean of the equality judg- 
ments, and the probable error of a single equality determination. 
Some degree of regularity is apparent in these comparisons. 

This study is extremely interesting for the reason that it shows 
that Urban’s nctions as regards the psychometric functions, and all 
the notions derived from that concept, are valid in another sense 
field than that of lifted weights. The experimental arrangement is 
ingenious anu should be applicable in the future to many experi- 
ments in the visual field. The author’s presentation of his material 
is very clear and concise. 

Clark University. SAMUEL W. FERNBERGER. 


On the Relation of the Methods of Just Perceptible Differences and 
Constant Stimuli. By W. FERNBERGER, Po, D. Psycho- 
—— Monograph Series, XIV, No. 4, 1913. pp. 81. 

rice $1. 


The formal character of the two methods having been shown to 
be identical there remains only the problem of the variations due 
to the experimental procedure. Fernberger’s conclusions are based 
on lifted weight experiments which were conducted so that the space 
error was eliminated and the time error was constant in the first 
order. Seven comparison weights were used, six of which, for the 
method of constant stimuli, were constant in intensity and the sev- 
enth, for the method of just perceptible difference, was variable. No 
information was allowed the subject in reference to the weight lifted 
so that there could be no anticipation as to the outcome of the judg- 
ment. In the results obtained by the method of constant stimuli 
the effect of practice is clearly seen. Fernberger calculated the co- 
efficient of divergence and finds a slightly over-normal dispersion 
which shows that the conditions did not remain absolutely constant. 
Since the experimental arrangement was such that a change in the 
objective conditions was very unlikely we must suppose that a change 
in the psychophysical constitution of the subject took place. Through 
the course o the curves plotted for the value h, in the successive 
series, the author is able to conclude that the variation in the dis- 
tribution of the judgments is due to the state of practice of the subject. 
Then he shows, by a comparison of these results with results obtained 
from one of his subjects in a previous investigation, that this practice 
effect is not due to a definite training of the sensory apparatus involved 
but to a more consistent concentration of the attention on the task. 
In the method of just perceptible difference an important element is 
the attitude of the subject when he knows he is going through a 
descending or an ascending series. The use of alternate series and 
their presentation simultaneously with the series for the method of 
constant stimuli tended to neutralize the errors due to this condition 
of the subject. 

A comparison of the two methods is the main issue of the article. 
It has been shown by Urban “that the common source of both 
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methods is to be found in the notion of the probability of a certain 
judgment” and it is obvious that there is no essential difference in 
the individual judgments since they are given on the basis of the 
relation of two stimuli presented in the same way. The comparison 
of the methods must then be made on the basis of the results ob- 
tained, the important results for the comparison being the measures 
of sensitivity, that is, the upper and lower thresholds. In these values 
there are found the expected unsystematic variations due to limited 
experimental data, the variations in the results for the method of 
just perceptible difference being the greater since these are the less 
extensive. But besides these chance variations there is a constant 
difference in the results of the two methods. The thresholds in the 
method of constant stimuli are always closer together than the same 
values for the method of just perceptible difference. The greatest 
difference is found in those series where, for the method of just 
perceptible difference, a large number of small steps were made and 
the least difference in those series where a few large steps were 
used. The amount of variation seems to be due to the number and 
size of the steps and the more satisfactory series is that in which 
a close approximation is made to the series for the method of 
constant stimuli. If such a series is used the results of this study 
seem to indicate that any discrepancies between the results would be 
so small that they could be disregarded. 
University of Pennsylvania. Davin MITCHELL. 
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Outline of a study of the self. By Ropert M. Yerkes, and DANIEL 
. LaRue. Cambridge, Harvard University Press, 1913. 


The authors tell us that they have discovered as teachers that the 
study of ancestry, etc., is profitable and hence this outline, which is 
to help people understand themselves and to become good members 
of society, to sympathize with others and with children, and to 
arouse interest in heredity. Those who answer the questions are 
exhorted to be wholly honest with themselves. The authors’ work 
seems to base on the questionnaires issued by the Eugenics Record 
Office at Cold Spring Harbor, the blanks of which are published in 
the few printed pages which constitute this outline. Altogether this 
medley of blank sheets, eugenic records and notes by Yerkes and 
LaRue, leaves the reader very much in doubt as to its purpose, 
place or usefulness. The young man who undertook to answer all 
these questions in the way the authors desire him to do would be 
old before he had finished and would have a strange ingrowing type 
of consciousness, which we should think pathological. Every error 
to which the questionnaire method has ever been subjected would 
confront the man who attempted to utilize such data. 


The psychology of learning; an experimental investigation of the 
economy and technique of memory. By E. MEUMANN. rans- 
lated from the 3d edition of “The Saeone and Technique of 
Learning” by John Wallace Baird. New York, Appleton (1913). 
393 P.- 


It is a real service which the translator has performed in putting 
this third edition, which has been revised as the new work in the 
field required, into English, We can only mention the seven chief 
topics treated here: a survey of the modern psychology of memory, 
its function, observational learning, treated as to the technique of 
observing and learning and the analysis of observational noting, with 
an experimental investigation upon it, associative learning, also treated 
in three chapters, one comprising technique and economy, another 
memory, learning and ideational types, economical learning; and the 
third chapter treats learning of significant materials, education of 
memory in the schools, and actual efficiency compared with what it 
might be. There are three appendices, on construction of nonsense 
attics, the meaning of economy of time and energy in learning, 
with addenda from the most recent literature. 


Worcester State Hospital papers, 1912-1913. Offered in compliment 
to Dr. Hosea Mason Quinby on the event of his retirement from 
the superintendency after twenty years of service. Edited by 
SamueEL_T. Orton. Published by the Mass. State Board of In- 
sanity, Series 1913. Nos. 4-19 inclusive. 198 p. 


This is a very creditable report and we are interested to see that 
it gives due credit to Dr. ward Cowles for pioneer work in 
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establishing a laboratory at the Worcester Insane Hospital such as 
he had developed at the McLean Hospital. Very interesting is Dr. 
Cotton’s study of “Certain Problems of Heredity in Mental Dis- 
ease,” which is perhaps the article that more than any other will 
interest genetic psychologists. Dr. S. T. Orton himself, the editor 
of the volume, has an interesting article on “Some Methods for 
the Routine Examination of the Brain from Cases of Mental Dis- 
ease.” Meyers writes on “The End of Metastatic Tumors” and on 
“New Formation of Nerve Cells.” Orton ends with an interesting 
article on “The Brain of a Catatonic Hirntod.” 


History of psychology; a sketch and an interpretation. By JAMES 
Mark Batpwin. New York, G. P. Putnam’s Sons, 1913. 2 v. 


This little sketch is extremely popular and extremely general. The 
first volume comes down to John Locke, and the second to nearly 
the present time. The author takes a wide view of the field though 
not to our mind wide enough. It is easy to criticize, but we ought 
rather to be grateful to anyone who has had the boldness to enter 
this field and to say anything of his contemporaries. The last volume 
contains portraits of Ribot, Fechner, James, Herbert, Spencer, Helm- 
holtz, Lotze, Herbart, Rousseau, de Biran, Condillac and Locke, while 
the first volume goes farther back and includes Descartes, Bacon, 
Scotus, St. Augustine, Plato, Socrates, Pythagoras. 


Sammlung kleiner Schriften zur Neurosenlehre. von Sicm. Frevp. 
Leipzig, Franz Deuticke, 1913. Dritte Folge. 321 p. 


This work is simply a reprint of ten recent articles of Freud, 
beginning with the famous analysis of the phobia of a five-year-old 
child, which was printed in 1909, and ending with the recent essay 
cn psychogenetic disturbances as conceived by psychoanalysis. The 
important articles are, “ Remarks on a case of imperative neurosis,” 
“ Psychoanalytic remarks on an autobiographic case of paranoia,” 
“After-thoughts upon the same,” “ Formulation of the principles of 
psychic happenings,” “ On the counter sense of primitive words,” “ The 
future chances of psychotherapy,” “ Wild psychoanalysis,” and “ Types 
of neurotic diseases.” 


Die psychanalytische Methode; eine erfahrungswissenschaftliche- 
systematische Darstellung. von Oskar Prister. Leipzig, Julius 
Klinkhardt, 1913. 512 p. (Padagogium, Band I.) 


This is a work that was greatly needed. The first volume, as 
noted above, is devoted to the psychoanalytic method, wherein the 
author first discusses the problem, then the theory, and then proceeds 
in successive sections to discuss in detail repression and fixation, 
Riickwirkung and its relations to repression, and in the second part 
takes up the technique of psychoanalysis, its methods, the way the 
psychoanalytic procedure develops, the course of treatment, the pre- 
requisite conditions, the practice, and finally the results. It is a 
work that is greatly needed and will be welcomed by all interested 
in psychoanalysis. 
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Das Unterbewusstsein. Untersuchung tiber die Verwendbarkeit dieses 
Begriffes in der Religionspsychologie. von. GEorG WEINGARTNER. 
Mainz, Kirchheim & Co., 1911. 158 p. 


These chapters deal with consciousness, ego, personality, the essence 
and achievements of the subconscious (Unterbewusstsein), the proofs 
of its existence, and especially its relations to religious psychology, 
which the author believes are profound and constitute its chief merit. 


Uber den Selbstmord; eine pathologisch-anatomische und gerichtlich- 
medizinische Studie. von HERMANN PFEIFFER. Jena, Gustav 
Fisher, 1912. 195 p. 


This is an interesting and exhaustive study of the subject down 
to date, full of statistical tables, pathological, anatomical presenta- 
tions, study of special cases, generalizations and finally conclusions, 
the chief of which is that we must strive to keep the human stream 
clean and pure by elevation of the popular health and education, so 
as to make the soul of the people as permeable as possible to sources 
that protect and elevate, and to keep off all degenerative influences 
which not only cause this self-extinction of many, but very distinct 
deterioration of very many more who do not actually kill themselves. 


Advertising and selling; principles of appeal and response. By Harry 
L. HoLiincwortH. D. Appleton & Co., 1913. 314 p. 


This is by far the best book we have yet upon this subject. It is 
very comprehensive also, beginning with the nervous basis of mental 
processes, and dealin ng with the analysis of task and media, catching 
attention, mechanic: inventions, interest incentives, experimental 
tests of attention and memory value, of various mechanical devices, 
holding the attention, the feeling-tone, provoking response, instincts, 
relative strength, etc. There are scores of very interesting and well 
chosen advertisements to illustrate the teachings of the book. 


Self-realization; an outline of ethics. By Henry W. Wricut. New 
York, Henry Holt & Co., 1913. 429 p. 


The writer first considers ethics as a science of good conduct, and 
treats its subject matter, methods, problems, the conscience, the appeal 
to the good or moral obligation and the motive of good conduct. In 
Part Two he discusses the nature of the good in conduct and char- 
acter, its theories, hedonism, rationalism, volition, self-realization, and 
freedom and its conditions. Under Three, Good as Self-realization, he 
contrasts this with self-sacrifice, motives of goodness, happiness, 
systems of virtue and finally under Part Four, which is very brief, 
he discusses the life of self-realization, the individual, social, re- 
ligious virtues. 


The marking ‘em theory and practice. By I. E. Finxe stein. 


Baltimore, Warwick & York, 1913. 8&8 p. 


This little work treats first of theoretical considerations as to 
whether marks should indicate performance or ability of accomplish- 
ment, the theoretical distribution of — or traits, best method 
of translating distribution into a scale of symbols; the third chapter 
treats of distribution of marks at Cornell from 1902 to 1911, and 
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combined results for numerous courses. Chapter four is on the 
results for individual courses, showing variations produced by change 
of instructors, high and low markers, etc. 


Studien zur | der ornamentalen 
von Ropert Lacu. Leipzig, C. F. Kahnt, 1913. 727-+08 p 


This is a very elaborate and scholarly work, beginning with a dis- 
cussion of the nature of oriental culture races, then passing down 
to the Ambrosian and Gregorian singing, the Catholic church song, 
etc. Upon this primary aesthetic motive came the architectonic 
motive, which supervened and penetrated it in the European folk 
song and secular music, on to the end of the middle ages. Then fol- 
lowed the development of the new Melopdie in the sixteenth century. 
Now begins the systematic chief part, child music, animal music, 
ae of its origin, general theory of its development, with con- 
clusions 


Experimentelle Untersuchungen iiber die riumlichen Eigenschaften 
einiger Empfindungsgruppen. von TH. ZiEHEN. (Fortrschritte 
der Psychologie und Ihrer Anwendungen, hrsg. v. Karl Marbe, I. 

Band, IV./V. Heft. Leipzig, B. G. Teubner, 1913. p. 227-337. 


This is a very co apeceensive little treatise with twenty-three chap- 
ters, among the chief of which are the original idea of angles and 
their development, also that of number, the nature of geometrical 
proof, unconscious processes involved, the position, form, and mag- 
nitude, the development of mathematics, psychological considerations, 
etc. 


Linguistic stocks of South American Indians, with distribution-map. 
By ALexANveR F. CHAMBERLAIN. (Reprinted from The Amer- 
ican Anthropologist, April-June, 1913. Vol. 15, no. 2, p. 236-247.) 


Zweck und Gesetz in der Biologie; eine logische Untersuchung. von 
Ricuarp Kroner. Tiibingen, J. C. B. Mohr, 1913. 166 p. 


This interesting paper discusses, first, metaphysics, then biology, 
by which the author understands the mechanical view, its relations 
to Darwinism, vitalism and biologism. Under biology as empirical 
science he discusses the idea of species, the problem of generation, 
the theory of knowledge, and the system of natural science, and 
under organic teleology the writer discusses the outer and inner 
purposiveness, teleology and doubt, Lamarck and Darwin. 


Jesu Personlichkeit; eine Charakterstudie. Von Kart Wetpet. 2d 
enl. ed. Halle, Carl Marhold, 1913. 128 p. 


This is a very careful but absolutely free p gw poe study. The 
writer is not a theologian but a lay savant who had been penetrated 
with a sense of the uniqueness of Jesus’ character, which he has 
therefore tried to define from all original sources available. 


Antike Schriften iiber Seelenheilung und 6% ot auf ihre 
e 


Quellen von Paut rapie des 


Zorns. Lpz., B. G. Teubner, 1913. 198 p. 
This interesting oul goes back to the work of Posidonius and 
traces the subject down through Plutarch and Seneca, whose elaborate 
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views upon the subject are presented in extenso. Then the work of 
Antiochus and Chrysipp as treated by Cicero are considered. In 
an appendix we have a study of the definitions of anger and critical 
notes in regard to the literature on the subject. 


Modern problems of biology; lectures delivered at the University of 
Jena, December, 1912. By Cuartes Sepcwick Minor. Phila- 
delphia, P. Blakiston’s Son & Co., 1913. 124 p. 


These six lectures discuss the new cell doctrine, psycho-morphosis, 
the doctrine of immortality, the development of death, the determina- 
tion of sex, the notion o ‘life. 


Doctrines held as vitalism. By H. S. Jennincs. New York, 1913. 
(Reprinted from The American Naturalist, July, 1913, p. 385- 


417.) 


On formulation in psycho-analysis. By Freperic LyMAN WELLs. 
(Reprinted from the Journal of Abnormal Psychology, Boston, 
Oct.-Nov., 1913.) 13 p. 


A syllabus for the clinical examination of children; with the revised 
Binet-Simon scale for the measurement of intelligence. By 
Epmunp B. Huey. Baltimore, Warwick & York. (1912.) 45 p. 


Internationale Zeitschrift fiir Grztliche Psychoanalyse; hrsg. von 
Sicm. Freup. I. Jahrgang, 1913. Heft 3, Mai, Heft 4, Juli, and 
Heft 5, September. Leipzig, Hugo Heller & Cie. 


Verbrechertypen, hrsg. von Hans W. GruwLe und ALBRECHT WET- 
zeEL. I. Heft. Geliebtenmoérder, von Albrecht Wetzel und Karl 
Wilmanns. Berlin, Julius Springer, 1913. IOI p. 


Bulletin No. 5. Government Hospital for the Insane, Washington, 
D. Edited by William A. White. Washington, Government 
Printing Office, 1913. IOI p. 


Chippewa _music—II. By Frances Densmore. Smithsonian Institu- 
tion, Bureau of American Ethnology, Bulletin 53. Washington, 
Government Printing Office, 1913. 341 p. 


L’année pédagogique, publiée par L. CeLiérier et L. Ducas. Deux- 
iéme année, 1912. Paris, Félix Alcan, 1913. 524 p. 


The principle of mental “— By Freperrc Lyman WEtts. (Re- 
printed from Science, N. S., Vol. XXXVIII, No. 973, pp. 221- 
224, August 22, 1913.) 


Hypnotismus und Suggestion. von E. TROMNER. 2d rev. ed. Leip- 
zig, B. G. Teubner, 1913. 114 p. 


Einleitung in die Philosophie. von Oswatp KUutre. 6th rev. ed. 
Leipzig, S. Hirzel, 1913. 376 p. 


Travaux de la clinique psychiatrique de PUniversité Impériale de 
Moscou. Sous la direction de TH. Ryspakow. Moscow, A. E. 
Mamontov, 1913. 384 p. (Printed in Russian.) 
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Causes and determiners in radically experimental analysis. By H. 
S. Jennincs. New York, 1913. (Reprinted from The American 
Naturalist, June, 1913. p. 349-360.) 


Experimental dgiroiogy of the higher mental processes. By F. L. 
Wetts. (Reprinted from The Psychological Bulletin, vol. 10, 


no. 6, June 1913. p. 213-224.) 


Die “ Neue Wirklichkeitslehre” in der amerikanischen Philosophie. 
von GUNTHER Jacosy. (Reprinted from Internationale Monats- 
schrift fiir Wissenschaft, Kunst und Technik. Okt. 1913, v. 8 


nr. I.) 13 p. 


The psychopathology of a case of phobia—a clinical study. By 
ORTON Prince. (Reprinted from The Journal of Abnormal 
Psychology, Boston, Oct.-Nov. 1913.) 17 p. 


Die kontraére Sexualempfindung des Weibes in den Vereinigten Staaten 
von Amerika. von Doucras C. McMurtriz. (Reprinted from 
the Arch. fiir Krinimalanthropologie und Kriminalistic. Bd. 55. 
Leipzig, F. C. W. Vogel, 1913. p. 141-147.) 


De Vanimal a l'enfant. par P. Hacuet-Souptet. Paris, Félix Alcan, 
1913. 176 p. 


Le réve et action. Par Gapriet Dromarp. Paris, Ernest Flammarion, 
1913. 368 p. 


Die Aktion gegen die Psychologie; eine Abwehr. von Kart MArse. 
Leipzig, B. G. Teubner, 1913. 32 p. 


Bewusstsein und psychisches Geschehen. Die Phinomene des Unter- 
bewusstseins und ihre Rolle in unserem Geistesleben. von L. 
LoEWENFELD. Wiesbaden, J. F. Bergmann, 1913. 94 p. 


NOTES 


The University of Bonn has recently conferred the honorary degree 
of Master of Liberal Arts and Doctor of Philosophy upon Professor 
Lillien J. Martin of Stanford University, in recognition of her con- 
tributions to experimental psychology and aesthetics. The diploma 
mentions Dr. Martin’s achievements in evolving methods of sugges- 
tion and her method of projecting visual images. It also describes 
her contributions to the psychology of imageless thinking and to the 
literature of psychological aesthetics. 
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ANNOUNCEMENT 


A prize of One Hundred Dollars ($100) is offered for the best paper 
on the Availability of Pearson’s Formulae for Psychophysics. 

The rules for the solution of this problem have been formulated 
in general terms by William Brown. It is now required (1) to 
make their formulation specific, and (2) to show how they work 
out in actual practice. This means that the writer must show the 
steps to be taken, in the treatment of a complete set of data (Voll- 
reihe), for the attainment in every case of a definite result. The 
calculations should be arranged with a view to practical application, 
i.e., so that the amount of computation is reduced to a minimum. If 
the labor of computation can be reduced by new tables, this fact 
should be pointed out. 

The paper must contain samples of numerical calculation; but it 
is not necessary that the writer have experimental data of his own. 
In default of new data, those of F. M. Urban’s experiments on 
lifted weights (all seven observers) or those of H. Keller’s acou- 
metrical experiments (all results of one observer in both time- 
orders) are to be used. 

Papers in competition for this prize will be received, not later 
than December 31st, 1914, by Professor E. B. Titchener, Cornell 
Heights, Ithaca, N. Y., U. S. A. Such papers are to be marked only 
with a motto, and are to be accompanied by a sealed envelope, marked 
with the same motto and containing the name and address of the 
writer. The prize will be awarded by a committee consisting of 
Professors William Brown, E. B. Titchener, and F. M. Urban. 

The committee will make known the name of the successful com- 
petitor on July 1st, 1915. The unsuccessful papers, with the corre- 
sponding envelopes, will be destroyed (unless called for by their 
authors) six months after the publication of the award. 


